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    Abstract:
In 1849 Johann Wilhelm Schaffner, a German naturalist trained in Darmstadt and renowned for his botanical contributions arrived in Mexico. Three years later, the famous Mexican chemist Leopoldo Río de la Loza published the first elemental analysis developed in that country, applying it to pipitzahoic acid (perezone). The technique used was published by Justus von Liebig in 1831. However, the application of elemental analysis was not explored again in Mexico until the middle of the twentieth century, pushing back the areas of chemistry that had developed in Europe. Based on historical and historiographic sources, this article explores whether Río de la Loza’s access to Liebig’s elemental analysis technique was via his connection with Schaffner, it discusses the reasons the use of elemental analysis was abandoned in Mexico, and it highlights the lack of recognition of Schaffner’s work.

Keywords:	elemental analysis
	kaliapparat
	pipitzahoic acid
	perezone
	Schaffner
	Leopoldo Rio de la Loza

Elemental analysis allows the determination of the number and type of atoms that constitute a molecule. Particularly for organic molecules, the technique was a challenge throughout the nineteenth century; troubleshooting organic elemental analysis leaned on the faultlessness of methods of quantification and accuracy of the atomic weight of chemical elements. This made it difficult to characterize new organic molecules, such as those found in medicinal plants.
Pipitzahoic acid, today known as perezone, was the first described sesquiterpenic quinone and the first natural product isolated in the Americas.1 Current chemical studies on the conformation of perezone and the effect of the interaction π → π* on the stability of folded arrangements [1–3],2 led us to address the historical background that allowed us to establish the prerequisites for defining the molecular structure: constitution, connectivity, configuration, and conformation. This historical work was founded on that research. We found out that in the nineteenth century, perezone was a molecule of scientific interest; its relevance can be gleaned from the profuse information published in the scientific journals of the time.
The first description of the isolation and some of the physicochemical properties of pipitzahoic acid, as well as the first attempt to establish its constitution through elemental analysis, was described by Leopoldo Río de la Loza (1807–1876) in 1852.3 That work earned him the first-class medal of the London Universal Society for the Protection of the Industrial Arts in 1856.4 The technique used was similar to that developed by Justus von Liebig in 1831. To date, this is the only work that has addressed the elucidation of the molecular constitution of perezone, and there is no knowledge of elemental analysis in the Americas before this one.
This elemental analysis has gone almost unnoticed by historians of science. When reference is made to the elemental analysis by Río de la Loza, historiography has barely pointed out that it was wrong. Indeed, his result erroneously includes a nitrogen atom as a constituent element of the molecule, but the historical interpretation of the facts should not emphasize the accuracy of the result but the innovation the analysis represented in its context. It is interesting to investigate how Río de la Loza became aware of and introduced a new methodology to determine the molecular formula of perezone.
In 1849, Johann Wilhelm Schaffner (1830–1882), a German naturalist acknowledged for his botanical contributions (nowadays spread all over the world), had arrived in Mexico. His profile as a chemist and pharmacist has been unnoticed. Schaffner was born and trained as a pharmacist in Darmstadt, the German city that was also the birthplace of Heinrich Emanuel Merck (1794–1855) and Justus von Liebig (1803–1873).
This article responds to the lack of information regarding the relationship between Schaffner and Río de la Loza. The period covers 1831, the year of the publication of the kaliapparat, a piece of novel equipment used for analyzing organic compounds developed by Liebig, to 1876, the year of Río de la Loza’s death. Our historical research is based on sources (academic dissertations, books, and scientific and journalistic articles) that mention either Schaffner’s or Río de la Loza’s works on pipitzahoic acid. The aim is to establish whether Río de la Loza’s access to Liebig’s elemental analysis technique could have occurred through his interaction with Schaffner.
Elemental analysis was not explored again in Mexico until the middle of the twentieth century, causing the country to lag behind Europe in chemistry and pharmacy. This study aims to examine the reasons the use of this technique was abandoned in Mexico and launches a thesis on the consequences this had on the development of Mexican chemistry and pharmacy. Our interpretation of the historical facts helps explain the routes of knowledge between Europe and America, tracing some points of the German school of chemistry that landed in Mexico and then bounced back to international forums. The value of the article lies not so much in exalting the Mexican contribution to the construction of a global science but in recording the facts in a local context of a unique scientific process. Tangentially, it points out a perverse dynamic (out of jealousy) in different scientific groups and peeks into the shy personality trait of Río de la Loza (known as the father of the Mexican chemistry). Finally, the article highlights the lack of recognition of Schaffner’s contribution to chemical science in Mexico.
The Rise of Organic Chemistry, Justus von Liebig, and Elemental Analysis
At the beginning of the nineteenth century, organic chemistry was an undeveloped branch of chemistry that did not have a systematic approach; the composition of materials was not described. As Aaron Idhe put it, “Organic analysis was still highly alchemical at the beginning of the nineteenth century.”5 Quantitative elemental analysis of organic compounds still needed the input of other fields of chemistry, and at the time the law of multiple proportions was not generally accepted. The available analytical procedures were only sufficient to isolate mixtures of substances, such as ashes, essential oils, or alkaloids. In France, Antoine Lavoisier made the first serious attempt to separate and measure carbon dioxide, water, oxygen and hydrogen first out of waxes, alcohols, and fats and later from sugars and resins. He measured the ratio of hydrogen to oxygen in carbohydrates, oils, and vegetable acids, discovering that each group of substances had specific proportions.
As the decades went by, there were many efforts to try to reveal whether organic compounds followed the laws of chemical combination. Many renowned European scientists proposed different analytical methods, most of them being ways to fix carbon dioxide, oxygen, hydrogen, and water. For example, Swedish chemist Jöns Jacob Berzelius (1779–1848) used his apparatus for combustion analysis of organic substances on some acids, his findings led to the formulas for oxalic and acetic acids. Berzelius set a slanting tube to trap carbon dioxide, and French chemist and physicist J. L. Gay-Lussac (1778–1859) used potassium chlorate to fix this molecule. Both ways were implemented by leading chemists around Europe. Gay-Lussac and L. J. Thenard (1777–1857) provided elemental analyses of nineteen organic substances from 1810 to 1811, and Berzelius published the analyses of thirteen organic compounds in 1814 after modifying Gay-Lussac’s method.6 Later on, Liebig came up with a revolutionary way of performing combustion analysis for carbon and hydrogen that got rid of the bell jar in which carbon and carbon dioxide were collected over mercury.
For many years, combustion analysis was unsuccessfully applied to try to determine nitrogen. Liebig stated that this element needed a separate analysis, but it was French chemist Jean Baptiste André Dumas (1800–1884) who injected carbon dioxide directly in the combustion tube and replaced mercury with potassium hydroxide to collect the nitrogen. Liebig also contributed to elemental analysis by developing techniques applied to the determination of sulfur and halogens through oxidation of organic materials with a nitrate in an alkaline solution, but in 1864 Georg Ludwig Carius (1829–1875) developed a more universal method that used concentrated nitric acid in a sealed glass tube. The problem of the inaccuracy of the atomic weight of carbon was solved by the incremental contributions of Gay-Lussac, Dumas, and Berzelius. The later consigned the formula CO2 to carbon dioxide, making 12.23 the value of the atomic weight of carbon.7 Although the improvement of analytical methods was a groundbreaking tool to understand organic molecules, the lack of agreement on atomic weights (which was revealed in molecular formulas) and the absence of spectroscopic methods (which were yet to come) hindered the progress of organic chemistry during most of the nineteenth century.
In the 1820s, Liebig formed a school of chemistry at the small University of Giessen, Germany, where he led a group of chemists dedicated to laboratory work at an unprecedented organizational level.8 By the 1840s, his practical class was attended by about thirty students, and in 1843 it expanded to include fifteen more students under the direction of his assistant, Heinrich Will (1812–1890).9 Before then, chemistry did not exist as an independent discipline in European universities (although it was taught in medicine and pharmacy programs); Liebig was the first to promote this science.10 Without diminishing the work of his predecessors, it is fair to say that Liebig’s school popularized chemical laboratory work and allowed the development of organic chemistry.
According to Paul Jones, in the 1850s chemistry schools in Britain and the United States lacked laboratory facilities, whereas by the 1830s most of the German universities had established institutes of chemistry directed by capable scientists. Thus, aspiring doctors in chemistry had to go to Europe to earn their degrees, particularly to Giessen University, under Liebig’s direction. The first three foreign pupils to earn a doctorate (D.Phil.) in chemistry were British student Lyon Playfair in 1840, Mexican Jose Vicente Ortigosa in 1842, and U.S. citizen Charles M. Wetherill in 1848.11 As far as we know, none of these graduates performed an elemental analysis back home.
According to H. S. Van Klooster, who studied all of Liebig’s American pupils (most of them undertook no doctoral work), John Lawrence Smith (1818–1883) was the first from the American side of the Atlantic; he became a professor of medical chemistry and toxicology at the University of Louisville. Eben Norton Horsford (1818–1893) came back from Giessen to teach analytical chemistry at Harvard University. Oliver Wolcott Gibbs (1822–1908) spent some time studying chemistry under Liebig and went on to teach spectroscopy and thermodynamics at Harvard University. Back in his country, Charles Mayer Wetherhill (1825–1871) (the only American pupil to earn a D.Phil.) opened his own laboratory, worked with the Department of Agriculture, and taught chemistry at Lehigh University. John Addison Porter (1822–1866) who studied agricultural chemistry under Liebig, taught analytical and agricultural chemistry at Yale University. Last, Samuel William Johnson (1830–1909) worked in Liebig’s private laboratory in Munich, where he investigated plant ashes and soils and later went to Yale Scientific School, where he taught agricultural chemistry for several decades.12 It is worth noting that Liebig’s students were involved in a wide variety of investigations. In the words of Horsford: “Here is one upon benzoic acid, there one upon hippuric acid, there one upon allantoin, there one upon the cyanogen compounds, here one upon a new gas, here one upon cheese, there others upon bread, and so on, all of them engaged in original investigation.”13 We can say that not every student under Liebig performed the elemental analysis, and according to the historiography, none of them performed an elemental analysis in America.
In 1831, while working in Giessen, Liebig created a five-bulb glass apparatus, called fünf kugel apparat or kaliapparat, which optimized Berzelius’s method (which was based on Lavoisier’s method) for assessing the composition of organic substances.14 Liebig’s technique consisted of mixing the compound of interest with an oxidizing substance so that all the carbon atoms in the sample were transformed into carbon dioxide and all the hydrogen atoms converted into water. Before the use of the kaliapparat, the reaction was extremely difficult to implement, because the oxidation must occur quantitatively (avoiding the formation of rival carbon monoxide, which alters the result of the analysis) and the products must be accurately measured. This process was a great development that allowed Liebig to found organic chemistry and popularize chemical analysis. A drawback of the method is that it can only determine carbon and hydrogen, not nitrogen.
In 1841, Liebig’s students Franz Varrentrapp (1815–1877) and Heinrich Will (1812–1890) published a method for determining nitrogen in organic compounds,15 which was a forerunner of the one proposed by Kjeldahl in 1883.16 Liebig’s pupils’ technique converts the nitrogen contained in the molecule of interest into ammonia, which is achieved by hydrolyzing the compound under drastic conditions (heating it with soda lime). The ammonia formed is forced to react with platinum chloride, yielding a stable compound that can be measured by gravimetric methods. In 1842 in Germany, Liebig’s sole Mexican student, Vicente Ortigosa (1817–1877), used this method to determine the nitrogen content of nicotine and coniine.17
In 1826 Dumas introduced important modifications to Lavoisier’s proposal for determining nitrogen; one of them consisted of substituting the oxidizing agent for copper and copper oxide and collecting the nitrogen.18 Dumas’s method required measuring nitrogen as a gas, which at that time was extremely complicated because of numerous sources of error inherent in the technique, such as air interference. Liebig’s great merit was transforming the volumetric determination of carbon dioxide into a gravimetric one,19 and that the analysis did not require extraordinary skills, thus any person could perform the experimental work. Thanks to Liebig’s method, the main variables of organic elemental analysis were controlled. However, the quantity and purity of the sample became the bottleneck for these assays, as there were few compounds available that could be purified. The pipitzahoic acid analyzed by Río de la Loza was one of those substances because it crystallizes easily, allowing it to be obtainable with a high degree of purity.
To explain our insight and interpretation, we contextualize the state of the pharmaceutical chemistry in nineteenth-century Europe, and we refer to four changes that converged in the “chemical-pharmaceutical paradigm.” The first breakthrough came with the isolation of morphine from opium in 1805 by German Friedric Wilhelm Sertürner (1783–1841).20 This shift was a medical (or therapeutic) paradigm that changed how drugs were prescribed. Sertürner showed the world that it was possible to isolate and accurately dose the active ingredients of plants. After his finding, chemical analysis was applied to many herbs with therapeutic activity, unleashing a race for the isolation of alkaloids led by Germany, France, and England. Until then, the potent alkaloids had waited silently, diluted in a complex mixture inside the plants.
The second innovation was a pharmaceutical breakthrough, what we consider the pharmaceutical drug paradigm, which was a consequence of the former and occurred with the conversion of small pharmacies (comprising manual and personalized manufacture of medicines) into large laboratories. An example is the rapid metamorphosis of Angel’s Apothecary, property of Heinrich Emmanuel Merck (1794–1855), into a factory and a research and development center.21 Having the active ingredient isolated and pure made it possible to repeatedly fix the exact dosage of the drugs and centralize their manufacturing for distribution on several continents, thus promoting the globalization of pharmaceutical brands and patents.
The third development was also pharmaceutical: the medicine paradigm—understanding medicine as a drug delivery system. This refers to the impact of mass production of medicines that rendered new drug delivery systems of standardized manufactured medicines (replacing personalized drug preparation). The invention of the tablet press in the United States in 1843 opened the way to the manufacture of millions of identical doses, with the ability to introduce quality standards for drugs.22 These new pharmaceutical technologies fundamentally changed the traditional professional duties of pharmacists, modifying their social role. We call the last breakthrough the chemical paradigm, which made it possible to elucidate the structure of chemical compounds (that is, the elemental analysis), identifying its constitutive elements and their proportions in each molecule, which later opened the way to organic synthesis chemistry. All four major milestones in pharmaceutical chemistry occurred in just one century.
The isolation of morphine resulted in a race to find alkaloids in therapeutic plants in Europe, and therapeutic molecules began to be manufactured and sold around the world.23 This was followed by a second race among the branded or patented medicines based on the isolated therapeutic principles. As discussed later, in Mexico, this phenomenon developed partially; alkaloids were systematically searched in native plants at public institutions, with Río de la Loza leading these efforts.24 However, industrial production with isolated compounds from native plants was not achieved in Mexico.

Río de la Loza and Chemistry in Mexico
Río de la Loza was born into a middle-class family in Mexico City in 1807, in what was still the viceroyalty of New Spain. The story goes that he was victim of a fire at his father’s chemical factory while a batch of bichloride of mercury was being prepared, and as a result, his health was permanently affected. It has also been said that his father died in that accident, but several authors differ significantly on the year in which the fire occurred, so this fact is questionable.25 His father’s death certificate indicates that he died of “insult” in 1815.26 Leopoldo who was the eldest son, and his mother took charge of the family’s chemical company, which supplied materials to the Mint House. In 1820 he joined the Colegio de Minería (School of Mining) for his secondary education. There he began studying chemistry. He studied at the San Andres and De Jesus hospitals, and in 1827 he took his surgeon’s exam before the Tribunal del Protomedicato (Royal Protomedicato Court), but decided to continue with pharmacy studies at Portaccelli’s Pharmacy, graduating early with a special permit in 1828. From then on, he dominated every conceivable activity related to chemistry: research, teaching,27 science diffusion, industry, public function,28 and representing the professional guild. The most complete study on Río de la Loza is Guadalupe Urbán-Martínez’s book, published in 2000.29 Río de la Loza was an enlightened man who learned about the ideas of European chemists and pharmacists and publicly expressed his opinion, as his speeches and publications demonstrate.
In 1833, some years after Mexico’s independence (1821), the Escuela Nacional de Medicina (ENM; National School of Medicine) opened the career of medicine and pharmacy. This institution replaced the Real y Pontificia Universidad de México (Royal and Pontifical University of Mexico), which had been founded in 1553 by a royal decree signed by Philip II of Spain. Besides medicine and pharmacy, the ENM taught chemistry as an auxiliary discipline. In 1841, Río de la Loza became the chair of Medical Chemistry and taught the preparatory courses for the ENM; two years later, the course became part of the curriculum of medicine, and in 1845 it became a regular course.30 The pharmacy course began with a single subject called “Theoretical-Practical Pharmacy,” which was taken over two consecutive years. Río de la Loza was one of the three candidates to teach it,31 but it was granted to José Vargas (1788–1875). After a restructuring of the curriculum in 1869, Río de la Loza taught chemical analysis to the pharmacists. It was precisely this activity (chemistry mastery) that become a hallmark of the pharmaceutical professionals in Mexico, and thanks to their skills as analytical chemists, they managed to survive the crisis of the Mexican pharmacy that occurred at the end of the nineteenth and the beginning of the twentieth century.32
Río de la Loza founded the Academia de Farmacia (Academy of Pharmacy),33 which published the first Mexican Pharmacopoeia in 1846, whose introductory text reads: “As the Academy is Mexican, it has carefully tried, whenever conscience has allowed, to substitute the indigenous substances for the exotic ones, and to point out with their legitimate names those that have long been dispensed in the offices without any harm to the practice, as substitutes for others that should come from abroad.”34 This academy dissolved soon after the publication of the Pharmacopoeia, but its members later regrouped and established the Sociedad Farmacéutica Mexicana (Mexican Pharmaceutical Society), which published the volumes of the “new pharmacopoeia.”
Río de la Loza promoted the use and research of national flora, convinced that native species had therapeutic applications comparable to those in European medicine. For instance, he was interested in substituting the European belladonna for the Mexican toloache.35 In 1864 he published in the Boletín de la Sociedad Mexicana de Geografía y Estadística (Mexican Geography and Statistics Society Bulletin) the “Apuntes sobre algunos productos del maguey” (Notes on Some Maguey Products) with Francisco Pimentel (1832–1893), a renowned linguist who classified the indigenous languages of Mexico.36
After the publication of the Nueva Farmacopea Mexicana (New Mexican Pharmacopoeia) in 1874, Río de la Loza and ENM students consolidated a research line in medicinal chemistry. The activities of the group led by pharmacy professors, consisted of performing chemical analyses to isolate the active principles mostly of native plants. Thus, we can refer to “Río de la Loza’s pharmaceutical lineage” as the movement of Mexican scientists formed by professors and students dedicated to the chemical analysis of Mexican materia medica. This research was systematized starting in 1869, when written dissertations were first required to earn the title of professor in pharmacy. The school was later directed and promoted by Alfonso Herrera (1838–1901), who taught the class “Natural History of Drugs” from 1869 to 1901. The research line on medicinal plants was boosted after the inauguration of the Instituto Médico Nacional (IMN; National Medical Institute) in 1888, led for some time by Fernando Altamirano (1848–1908).37 Hundreds of specimens of the medicinal flora were analyzed at the IMN, and results were published in the illustrated book Datos para la Materia Médica Mexicana (in several volumes from 1894 to 1907) and the Farmacología Nacional (1912–1913).38 Interestingly, it was common that ENM students carried out their practical work in the laboratories of the IMN because both entities were part of the same network. The ENM and the IMN carried out the analysis of plants to discover the main active ingredients. The examination was performed by two means: the wet and the dry methods. The wet method used vehicles or liquid reagents. The dry method was executed with a torch to analyze ashes.39 The IMN had a full section (Analytical Chemistry) devoted to the search of active principles. As Morales and Ortiz state: “The quantitative and qualitative chemical analytic techniques used were based on solubility assay and the method for identification of alkaloids developed by Johann G.N. Draggendorff (1836–1898), which was the most widely used at that time. According to Eduardo Armendáris, chair of the Experimental Physiology section, that was the most efficient method for the study of the active principles of medicinal plants.”40
The number of pharmacists in Río de la Loza’s lineage was abundant; several students joined the country’s scientific activity and founded the research centers that are still in existence. In terms of academic studies, from 1869 to 1917 there were 136 dissertations on pharmacy, of which 57.3 percent (78) address the central topic of chemical analysis of medicinal plants, which comprised the search, identification, botanical description, and isolation of the resins or alkaloids that constituted the active ingredients of these drugs.41 The chemical analysis consisted of elucidating the inorganic and organic composition. The former involved weighing the residue on ignition of 10 grams of the calcined plant. The organic analysis meant extracting and separating the families of compounds after “exhausting” 100 grams of the pulverized plant with different solvents, using Draggendorff’s method (in some cases with modifications to hasten it). The solvents in which the drug was left to leach for at least eight days were petroleum ether, sulfuric ether, absolute alcohol, and distilled water. With these treatments, the plant components were selectively extracted, and then the alkaloids and glycosides were soaked in acid or base dilutions until they were purified.
In terms of technology, Río de la Loza showed interest in adapting the apparatus and techniques published by German and French chemists and pharmacists, both to reduce the costs of acquiring equipment and to adjust its operation to the local needs of a nonindustrialized country.42 An example is his work on hydrogen azide published in the Periódico de la Academia de Medicina de Mégico ( Journal of the Mexican Medicine Academy) in 1836, described his equipment for synthesizing ammonia, a compound in which he had extensive experience. The industrial context in which Río de la Loza developed must have directed him to his results-oriented approach, which he also used in his teaching, a hands-on laboratory work. In Carlos Viesca-Treviño’s opinion, “it is unquestionable that Justus von Liebig’s ideology was present on Río de la Loza’s thinking and served him as a theoretical and referential framework in subsequent years.”43
Río de la Loza wrote the first chemistry textbook by a Mexican: the Introducción al Estudio de la Química (Introduction to the Study of Chemistry) published in 1849 and 1862. The emphasis is first on the equipment, apparatus, and utensils useful in the practice of chemistry; then on standardizing chemistry terms (technical language); and third, on describing the possible forms of crystalline solid compounds. The second edition of the book, in the section “Instruments, Utensils, and Apparatus,” is composed of slides that visually describe fifty-two different groups of laboratory objects in alphabetical order. This section depicts the parts that make up the apparatus, the materials they are made of, the principles of operation, and the varieties available, showing the practical edge of Río de la Loza’s approach to teaching chemistry.44

Río de la Loza’s Elemental Analysis of Pipitzahoic Acid (Perezone)
On November 23, 1852, Río de la Loza reported on his activities at the Escuela de Medicina de México.45 In his public speech, he presented the isolation of pipitzahoic acid, described the physicochemical properties of this material, and spoke about the crystallization “that is proper to it.”46 He recounts that around 1849, two physicians based in Tenango del Valle, Mariano Ortega and Severiano Pérez (dates unknown), showed him a substance (allegedly a resin) obtained from pipitzahuac root, which they had prepared around 1848.47 Río de la Loza excused himself from examining it due to his high work load. A year later, Río de la Loza was approached by the Mexican Departamento de Colonización e Industria (Colonization and Industry Department) who asked him to study the immediate principle of the plant and present it to the London International Exposition. In his 1852 speech, Río de la Loza reported how he isolated the pure compound, pipitzahoic acid, describing four different methods for obtaining the principle: sublimation, precipitation, spontaneous evaporation, and decomposition of its salt. He characterized the active ingredient as “a reddish-yellow solid, crystallizes in four-sided needles ending in bevel and concentrically grouped: its odor has some analogy with that of valerian products, acrid taste, persistent and more sensitive in the posterior chamber of the mouth. Subjected to the action of heat, it softens at 67 centigrade, melts at 70, sublimes at 75, and vapors are abundant at 80, crystallizing by cooling and partly decomposing.”48
Río de la Loza gave full credit to Ortega, who a few months earlier had presented the AMM with his observations on the therapeutic effects of the plant. He also acknowledged Felipe Castillo and Luis Hidalgo, who followed Ortega’s findings and suggested the dose of two to three drachms as a laxative and registered a greenish shift of urine color after ingesting the plant. The botanical description of the plant presented by Río de la Loza was retrieved from Pío Bustamante and Joaquín Varela.
A fact of the greatest relevance is that Río de la Loza presented the elemental analysis of pipitzahoic acid, which is overlooked by historians of science in Mexico. He stated:
I intend to introduce a new immediate principle, curious by its aspect, precious by its reactions and useful by the action it exerts on the organism. To this principle and its suitable crystallization, which I have the honor to present, I have given the name of pipitzahoic acid, in order to preserve the Mexican term, which I will perhaps change to Eupathoric, undoubtedly more scientific, if I find the acid in other species of the same genus.49

Río de la Loza described his observations about the reactions of pipitzahoic acid and several substances such as chlorine, bromine, and sulfur, as well as ammoniac, caustic soda, and some acids and metal oxides. He established that in 1,000 parts of pipitzahoic acid there are the following proportions of the elements oxygen, hydrogen, carbon, and nitrogen, as he commits to rectifying these data and fix the equivalents once pipitzahoates are fully studied.50
	O	201.24
	H	  83.32
	C	638.66
	Az	  76.78




To our knowledge, pipitzahoic acid is not only the first natural product isolated in America but also the first substance submitted to an elemental analysis in this continent. We may never know how nitrogen (called azoe, Az, at that time) mistakenly appeared at the elemental analysis of Río de la Loza because his laboratory records have not been located. It is important, however, to elucidate the analytical method he used, and for this we can look into other sources. The key may lie in his book Introducción al Estudio de la Química (Introduction to Chemistry Study). The first edition (1849) does not address the concept of elemental analysis or the methodology to carry it out.51 It can be hypothesized that Río de la Loza was unaware of these, maybe he did not consider them useful, or he considered them too advanced for an introductory text to chemistry. The second edition of the book (1862) does not explicitly address elemental analysis, but it does include the image of Justus von Liebig’s combustion train (Figure 1), which shows the kaliapparat or potash apparatus in place (g, Figure 1), located immediately after the device where the water is retained.52
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Figure 1. Liebig combustion train including the kaliapparat illustrated by Leopoldo Río de la Loza. Source: Leopoldo Río de la Loza, Introducción al Estudio de la Química o Conocimientos Preliminares para facilitar el Estudio de la Ciencia, 2nd ed. (Mexico: Imprenta de J. M. Lara 1862), reprinted by Patricia E. Aceves-Pastrana (Mexico: Universidad Autónoma Metropolitana, 2008), figure 11, slide 5.



The combustion gases pass through a U-shaped tube (c, Figure 1) containing a drying material, such as calcium chloride, which quantitatively absorbs the water vapor formed. The flue gas flow transports the carbon dioxide through the kaliapparat (g, Figure 1 and Figure 2), a glass tube with five balls where all the carbon dioxide is quantitatively trapped in a concentrated potassium hydroxide solution.
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Figure 2. The kaliapparat or five-ball potash apparatus of the Escuela Nacional Preparatoria (National High School) preserved at the Universidad Nacional Autónoma de México. Photo by Dr. Gabriel Cuevas Gonzalez-Bravo.



In the kaliapparat, carbon dioxide reacts with potassium hydroxide to form potassium carbonate (Figure 3).
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Figure 3. Oxidation products of pipitzahoic acid and its reaction with potassium hydroxide.



In principle, weighing the U-tube and its contents before and after the experiment allows an accurate measurement of the amount of water formed. By doing the same with the kaliapparat, the amount of carbon dioxide is obtained. Through simple stoichiometric calculations, one can determine the minimum formula of the compound if the molecular weight of the substance under study is estimated using cryoscopy or ebullioscopy, two techniques that exploit the colligative properties that describe the effect of the particles of a solute on the melting or boiling point of a solution.
It is logical to suppose that in the thirteen years between the first and second editions of his book, Río de la Loza learned the details of this methodology. The inventories of his laboratory describe all the materials needed to make this determination, such as the heating stove, the Liebig tubes of five and seven balls, the balances, and the U-tubes.53 Notably, the inventory of 1845 contains anhydrous platinum chloride, but it does not describe any of the devices used in Dumas’s technique to determine nitrogen (such as the nitrometer, as this device was called); for this reason, it can be hypothesized that the method used to determine nitrogen was that of Will and Varrentrapp.54
At the time that Río de la Loza carried out his experiments, the technique was gaining ground in Europe. Students from all over the world came to Liebig’s laboratory to learn the methodology,55 among themVicente Ortigosa.56 Heinrich Emanuel Merck, founder of the famous pharmaceutical company, sent a sample of coniine to Ortigosa (while he was one of Liebig’s students) to have him determine its elemental constitution.
The capacity to determine the composition of organic substances allowed progress in several areas, such as the conceptual bases of chemistry, the elucidation of molecular structure, the development of chemical reactions, the knowledge of isomerism, and the revelation of the existence of chirality and its importance. In short, the development of organic chemistry is a result of this experimental technique. The analytical method made it possible to measure molecular composition, and from measuring and comparing, concepts emerge as scientific knowledge. On the other hand, at the beginning of the nineteenth century European pharmacists became aware of the medicinal importance of alkaloids, which boosted the pharmaceutical sector and called attention to the relevance of this analytical technique and its systematic application to isolating active principles of plants, which later paved the way for another milestone: the mass production of drugs through organic synthesis. With a time lag of several decades, qualitative chemical analysis was applied in Mexico to many medicinal plants at the ENM and the IMN.57 However, chemical synthesis was not explored until well into the twentieth century.
In the speech of 1852, Río de la Loza demonstrates that he knows and has applied the method of elemental analysis.58 It is evident that it still had to be refined, as he readily explains. We also know that applying the method was not simple.59 But how did Río de la Loza learn about this methodology? It is unlikely that starting from Lavoisier’s elemental analysis of fats and oils, he could have come up with Liebig’s combustion train directly. It is even less likely if we consider that he abandoned the technique after using it only once. Someone must have taught the method to him.

Schaffner and the Pipitzahoic Acid Route between Mexico and Europe
While in the eighteenth century chemistry in Mexico served the mineral beneficiation industry, the patio method being a great success,60 during the nineteenth century chemistry was applied to the isolation of active plant and mineral principles. However, by the end of this latter period, there were still no consolidated groups dedicated to the study of chemistry, and the challenges that could be tackled through elemental analysis had yet not been identified. This supports the idea that the European web of knowledge flowed into the Mexican scientific community through particular cases, but the information was not widely or intensively permeating. Although it is possible that after reading the scientific journals of the time,61 Río de la Loza learned about Liebig’s elemental analysis technique and, aware of its importance, decided to import the equipment to apply it in Mexico, we find hints in the literature that suggest the approach to the technique may have occurred directly.
In 1855, American chemist Mason Cogswell Weld (1829–1887), who studied chemistry in Germany from 1853 to 1855,62 published an article in which he established the constitution of pipitzahoic acid or perezone.63 In the introduction to the article, as translated by Allistair Fritz, Weld states:
Mr. Schaffner told us that pipitzahoic acid is a substance discovered in Mexico by Dr. Leopoldo Rio de la Loza, professor of chemistry and pharmacy, and obtained from a root which has been used for years as an energetic and pleasant purgative by the natives of the town of Tenango del Valle, in the state of Toluca. The root differs in origin from Jalapa and is known by the natives as pipitzahuac; from there comes the name by which Mr. de la Loza named the substance he isolated as a crystal. Mr. de la Loza obtained this substance in an impure form by subliming the dried root and purifying it due to subtraction with alcohol and crystallizations.

The mention of Schaffner makes us wonder what this chemist represented for Mexican chemistry. When we searched for data on Schaffner’s career, we found that he was an outstanding botanist who studied Mexican flora.64 In his 1852 speech, Río de la Loza thanks several people for their help,65 but he does not acknowledge Schaffner, which explains why he has remained off the historiographic radar. One can think of Schaffner as a botanist, but the CRC World Dictionary of Grasses clearly states that Schaffner was a pharmacist.66 If we consider that Schaffner was a pharmacist from Darmstadt,67 a time-space juncture might be discovered among him and Liebig and Merck. This changes the perspective.
It is a fact that toward the end of 1849, Schaffner traveled to Mexico and met Río de la Loza.68 Their meeting inspired Schaffner’s fascination for pipitzahoic acid, as we will see below, and we maintain the thesis that it also encouraged the Mexican to try the elemental analysis technique. It is documented that they traveled to Tenango del Valle to obtain samples of pipitzahuac. It is probable that Schaffner, upon learning that the acid was purified by crystallization, proposed its elemental analysis and introduced the Mexican professor to the technique, and consequently Río de la Loza acquired the necessary material to work with the new methodology.
According to a report by French pharmacist Guibourt (1790–1867),69 in 1851 Schaffner sent a collection of Mexican natural products to Merck.70 Schaffner also sent a small quantity of the pipitzahoic acid to Liebig, who gave it to Weld for analysis.71 It is plausible that Schaffner, who managed chemistry and pharmacy techniques due to his training in Germany, was the intellectual link between Liebig and Río de la Loza. It is also conceivable that thanks to him, Río de la Loza requested the purchase of the fifteen volumes of the Annals of Chemistry and Physics and as many others of the Journal de Pharmacie et Chimie for the chair of chemistry.72
Another pharmacist from Darmstadt, Anton Vigener (1840–1912), famous for his botanical collections in Mexico, indicated in his meeting report of the Society of Nature and Medicine of the lower Rhine, in Bonn, to have received important quantities of pipitzahuac root (from which the name pipitzahoic acid derives) from his friend Schaffner. Richard Anschütz (1852–1937) and a student under his supervision, John Walter Leather (1860–1934), published an article on pipitzahoic acid in 1887, in which they narrate the delivery of pipitzahoic acid by Schaffner, a “German physician from San Luis Potosi,” to his friend Vigener.73 Vigener was the one who provided fifty grams of pure pipitzahoic acid to Anschütz and Leather, along with several specimens of the plant (then called Trixis pipitzahuac by Schaffner) and about six kilograms of its dried roots. Franz Benno Mylius (1854–1931), a military pharmacist, had published work in 1885 on the determination of the constitution of the molecule and his proposal to call it perezone,74 since it is a hydroxyquinone and not a carboxylic acid. In the cited article by Anschütz and Leather, the authors disagree with Mylius in naming the pipitzahoic acid perezone and propose not to designate a name until the molecule is fully elucidated. Only another Mexican would send samples of pipitzahuac root to Europe for the isolation of perezone: Juan Río de la Loza, Leopoldo’s son, in 1912. The recipient was Von Friedrich Fichter, who used the samples to prepare hydroxyprezone as part of his work on the isolation, structural elucidation, and synthesis of this compound.75 One more source to corroborate Schaffner’s role as a promoter of perezone is an article by Thomas Greenish (1817–1899), who describes that pipitzahoic acid arrived in Europe in 1855, when Schaffner, “a young German pharmacist” obtained it from Río de la Loza.76
Riolozoic acid (another known name of pipitzahoic acid), was described by Ramón de la Sagra (1798–1871) in the Catalogue of the International Exposition of Paris of 1855, referring to have obtained it from the plant called Dumerilia (Perezia gray), a species of the same genus as pipitzahuac. The same species appeared in the Catalog of Exhibitions of 1876, in which Schaffner indicates that a resinous substance called pipitzahoic acid by Leopoldo Río de la Loza can be isolated from Trixis pipitahuac (with synonyms: Acourtia homboldtii, Perezia cuernavacana, Eupatorium sessilifolium).77
Schaffner arrived in Orizaba, Mexico in 1849. He spent his first years in Mexico City and settled later in Culiacán, where he worked as a pharmacist. In spring 1867, he returned to Germany and enrolled to study medicine in Heidelberg, which he began in October of that year and concluded in 1871. In 1874 he returned to Mexico, earned the title of physician at the ENM, and obtained Mexican citizenship in 1875.78 He then migrated to the state of San Luis Potosí, where he worked as a doctor and pharmacist, being especially kind to people of humble condition, whom he treated free of charge. At this time, he changed his name to José Guillermo, which was undoubtedly practical for the nationality he adopted. Throughout this period, he continued to work in medicine and botany, adding specimens to the important collections of the world. His interest in chemistry seems to have waned. His undergraduate thesis is registered in the repository of the Dirección General de Bibliotecas (General Library Direction) of the Universidad Nacional Autónoma de México and is titled “Incision and Excision of the Kidney or Description of Two Cases for Nephritic Surgery.” He defended this work in 1875.79
In his speech in 1852, he stated that he would study pipitzahuates (or metallic salts of pipitzahoic acid), as Weld would do shortly thereafter; however, he never reported those results, and it is unknown if he performed the experiments. The analysis of these derivatives was a common practice in the German chemistry-pharmaceutics consortium referred to as the Liebig school.

The Second Elemental Analysis in Mexico
According to the data published by Ortiz-Reynoso,80 the second elemental analysis reported in Mexico was carried out in 1891 by a student of pharmacy from the ENM, Emilio Kentzler (1861–1950),81 who isolated the alkaloid cytisine in its pure form.82 Kentzler’s dissertation includes the botanical description of the plant, the chemical analysis (comprising the isolation of the alkaloid), and the characteristic properties of cytisine. The last section describes the proposed molecular formula, C20H27N3O, but it does not break down the partial percentages of the elements, as was normally done at the time. Interestingly, it narrates a brief explanation of the method used: fixation of carbon dioxide in caustic potash, detection of hydrogen by capturing water in calcium chloride, the capture of nitrogen in gaseous state, and quantification of oxygen by difference. This method is the one described by Liebig. To arrive at the definitive formula, “I repeated these operations many times and when the differences were small, I took the average,” he explains.83 Like that of Río de la Loza, Kentzler’s result was not accurate, for today we know that cytisine’s formula is C11H14N2O.84
In the introduction to his thesis, Kentzler provides elements to answer the question about the course of elemental analysis in Mexico, stating that: “this study was mostly done before arriving in the country [Mexico] but I believe that it will be accepted by the jurors whose indulgence I hope for.”85 Thus, Kentzler’s work suggests that the technique of elemental analysis was not performed in Mexico. This verifies the hypothesis of the absence of an elemental analysis in Mexico after that of Río de la Loza, although paradoxically this confirms once again that the technique was known to the professors of pharmacy at the ENM.
In 1906, James McConnell Sanders (1874–1944) published the article “Pipitzahoic Acid,”86 in which he states that the Mexican government commissioned him to perform the elemental analysis of pipitzahoic acid to dispel the discrepancies existing in the literature. Had the technique been applied in Mexico regularly, a single Mexican professor would have been sufficient to carry it out. Sanders rejected the formulas proposed by Weld (C30H20O6) and Mylius (C15H20O3) and erroneously establishes the constitution of perezone as C11H14O2, that it is isomeric with camphorquinone, and that it is very similar to isocamphorquinone or Δ1-4(8)-terpandienol.
Although we know that Río de la Loza had the kaliapparat in his laboratory, this device did not appear in the few organic chemistry textbooks written later. In the second edition of the Tratado de Química Orgánica (Treatise on Organic Chemistry) by Marcelino García Junco,87 a method for elemental analysis is presented, but when showing the combustion train, the Geissler apparatus is displayed, describing it as the most used device (Figure 4), which is false, since it was only a forerunner of the kaliapparat.88
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Figure 4. Geissler’s apparatus as it is described in García Junco, Tratado de Química Orgánica (Organic Chemistry Treatise), 2nd ed. (Mexico: Talleres Gráficos de la Nación, 1929), 5.



From this evidence, we may conclude that elemental analysis was possibly not implemented in Mexico until well into the twentieth century. Alfonso Graf y Garduño’s academic dissertation, “Structural Formula of Pipitzahoic Acid,” does not comprise an elemental analysis, although the title suggests it.89 The second elementary analysis would have come perhaps until the flourishing of the steroid industry, with the doctoral thesis of Jesús Romo Armería, carried out within the Instituto de Química (Institute of Chemistry) at the Universidad Nacional Autónoma de México, in collaboration with the Syntex company, toward the middle of the twentieth century: that is, ninety years after the original analysis of Río de la Loza.90

The Public Attack on Río de la Loza and Its Repercussions on Elemental Analysis
Why was the development of the technique of elemental analysis not continued in Mexico after Río de la Loza’s first steps? The answer could be due to human pettiness. Río de la Loza was a well-read and prosperous physician, pharmacist, and chemist who liked to teach. He had his own pharmacy business and set up a sulfuric acid factory. He had political roles and held positions of command. He was undoubtedly hard-working and brilliant, and he was recognized for it. At that time, extracts were a common product, but pure compounds isolated from plants were not. Río de la Loza undertook the task of isolating and characterizing the pure compound that gave the purgative properties to the pipitzahuac root and unveiled the key ingredient hidden among a mixture of substances contained in the extract provided by Ortega y Pérez.91
Río de la Loza was awarded the first-class medal of the Universal Society for the Protection of Industrial Arts in London for his work on pipitzahoic acid. After that, physicians Severiano Pérez, Mariano Ortega, and Luis Hidalgo y Carpio accused him for usurping their copyrights, since they considered their pipitzahoic resin to be a discovery in itself. They publicly denounced him as a corrupt person in the local press.92 A third complaint was presented by a physician named Isidoro Olvera (1815–1859), who was a deputy in the constituent congress in 1857, so his claim had political weight.93 We interpret this as the act of pettiness. This was the ignominy. In the words of Carlos Viesca, “Everything indicates that Río de la Loza knew about the pipitzahuac root resin since 1849 and that he was the one who carried out the chemical work to isolate its active principle, although the previous clinical experience with it and the tests with the acid fall again on Severiano Pérez, Hidalgo y Carpio,”94 and (we add) Mariano Ortega. To support our thesis, there is the fact that Río de la Loza did not get the extract from any of the complainants but from a former medical professor named Luis G. Poza.95
We suppose that Río de la Loza’s first-class medal aroused the rage of the doctors, who might have felt their merit unacknowledged in having delivered the raw material for which Río de la Loza had been celebrated. Before these accusations, a peaceful academic must have been terrified (or at least not interested) to face such a public outcry from respected fellows, thus this let fear and shyness be the response to ignominy. Río de la Loza obtained the pure compound and took it to elemental analysis, with coherent (although incorrect) numbers, and for this, he used a novel methodology possibly voiced by a German fellow, but after the scandalous insults he left the matter in oblivion. His reasons were not based on science but on morality and dignity. Should his fellows’ perverseness have not dominated, elemental analysis could have brought large capital gains and the development of modern chemistry and pharmacy in Mexico, an interesting topic to be covered in future work.
In defense of the famous Mexican chemist, it can be said that an extract is far from being a pure compound; methodological work must be done to isolate from a complex mixture a single type of identical molecules. Of course, the work is more arduous when this is done for the first time (in this case, we believe it was thanks to the possible contributions of Schaffner, who knew the purity criteria, the determining factor in the analyses of the Liebig school). All this was known then, but only time would definitively disprove accuser Severiano Pérez. Analysis of the publications of Ortega and Pérez, which we describe shortly, show that they did not understand what they were doing at all. In the attempt to purify pipitzahoic acid, the physician Pérez overheated the sample by subjecting it, as he indicates, directly to the naked flame, transforming the molecule into a mixture of pipitzols. These compounds have a high tendency to crystallize, so they can be purified relatively easily. When this reaction takes place, the unreacted pipitzahoic acid, along with some of its decomposition products, accompanies the crystals, covering them with a red oily layer. This red oil can be removed, keeping the colorless product crystals (a pipitzol mixture) intact. The mixture of the two components was considered a homogeneous compound until the 1960s, when it was possible to separate the individual pipitzols.96 The mixture, incidentally, also has an endogenous nature, since it is biosynthesized in the plant. According to Walls et al., “The mixture of pipitzols was isolated from the roots of the plant collected in June. From the extract of the roots collected in November only perezone was obtained.”97 In short, initially Pérez thought the mixture of pipitzoles was actually pipitzahoic acid and mistakenly claimed that what Río de la Loza had obtained was this product impregnated by the red oily matter.98 For this reason, at first, the donors of the sample called it an electro-negative resin. The failure to identify the difference between an extract and a pure compound must nullify any legitimacy in claiming rights over the pipitzahoic acid and the prize awarded to Río de la Loza.
Attacks on the chemist continued even after his death. In 1890, Pérez insisted that it was he who had discovered pipitzahoic acid. As time went by, he realized that the substance obtained was different from pipitzahoic acid and called it fructicosin, at first, and then pipitzahuin.99 He used this name to present it at the Philadelphia Exposition along with its precursor, pipitzahoic acid.100
At the turn of the twentieth century, the name “pipitzahoic acid” changed to perezone, when it was demonstrated that it was not a carboxylic acid but a hydroxyquinone that has a marked acid character. The first one who reported, named, and determined the constitution of the pipitzols as a homogeneous mixture was Remfry in 1913,101 although Pérez does have the merit of having isolated and described them in a general way for the first time, after making pipitzahoic acid (perezone) react under thermal conditions. The mixture of pipitzols could have been the second natural product isolated in America and, although it is not a pure compound, it could have been the subject of an elemental analysis that unfortunately was not performed.

Final Comment
The pharmacists of the ENM and the IMN, who mastered the European techniques of chemical analysis of plant substances, dedicated their efforts to isolating the active ingredients from the botanical specimens collected, and not to elucidating the molecular structure, which, had it been done, would have promoted the early foundation of organic chemistry in Mexico.
In the second half of the nineteenth century, Schaffner exported to Europe the pipitzahuac root samples for research. We sustain that Schaffner introduced Río de la Loza to the method of elemental analysis required for the structural elucidation of organic molecules. We think that after being introduced to the technique, Río de la Loza imported the necessary equipment to apply it in his laboratory to the pipitzahoic acid, giving a false positive for the element nitrogen for unknown reasons.
The knowledge about elemental analysis, whose introduction we attribute to Schaffner, permeated tangentially into the second edition of Río de la Loza’s textbook. Rumor has it that Río de la Loza wrote a text about the topic but that he destroyed it at some stage of his life.102 Yet Schaffner and Río de la Loza traced paths of knowledge from Mexico to Germany, consisting of shipments of pipitzahuac root and its derivatives to Europe that were analyzed and rendered in scientific publications, as well as clear mentions of Río de la Loza and Schaffner in several scientific publications. Río de la Loza applied Liebig’s method to estimate the molecular constitution of pipitzahoic acid, and his findings made it to European audiences, earning him a medal from a London scientific society. It is necessary to dig deeper into the meetings between Schaffner and Río de la Loza, as well as into Schnaffer’s scientific training in his native country and his scientific relations there.
At the turn of the twentieth century, Mexico had not met growing expectations in the field of chemistry derived from the mastery of chemical analysis of plants and the isolation of active substances achieved by pharmacists in the nineteenth century. Nor was there any significant development in the purification techniques of compounds, the elucidation of molecular structure, organic synthesis, or studies on reactivity. According to Rogelio Godínez-Reséndiz: “At the beginning of the 20th century, the Spanish therapeutic model, inherited from the Viceroyalty, was still rooted in Mexico. This was based on the use of therapeutic plants for the preparation of medicines, individually elaborated by pharmacists.”103 Coupling innovative scholarly work with industry was not a goal. During the first decades of the twentieth century, nearly every patent application for new drugs or remedies was presented by common people not related to science in a formal way.104 The industrial development of chemistry was postponed, leaving the country depending on foreign companies. The pharmaceutical industry was incipient during the early twentieth century, but some national examples can be found, along with a few foreign companies that opened local manufacturing facilities.105
In Mexico, Río de la Loza is known for separating chemistry from medicine and for having institutionalized this science, but (in a hypothetical exercise) we believe that his dimension as a scientist would have been even greater had he glimpsed its potential and gone further into elemental analysis, even if he had taken it to the classroom to analyze known pure compounds (such as sucrose). The facts presented here may lead one to believe that, unfortunately, the greatest exponent of chemistry in Mexico in the nineteenth century was victim of moral injury, leaving the elemental analysis performed with Liebig’s kaliapparat in oblivion. He might have failed to understand the implications of this abandonment. The ignominy discouraged him. The basic problem is that the development of chemistry in Mexico was impeded; fortune favors only prepared minds with an iron will.

Epilogue
Mexico’s political situation after President Porfirio Díaz did not favor science. The armed struggle during the social revolution of 1910 put many productive sectors of the country on hold, including the chemical and pharmaceutical industries. Although pharmacists and chemists managed to stay together as a guild and strengthen the existing academic institutions, the linkage to industry was not possible. In words of Liliana Schifter:
A Department of Industrial Chemistry was created at IMN in 1903 to develop the national chemical and pharmaceutical industries. However, this initiative did not succeed. A few years later, in 1910, the first Mexican Chemical Society—MCS—was founded, which mostly included pharmacists who were also members of the Mexican Pharmaceutical Society (1871) and later played a fundamental role in the constitution of the School of Chemical Sciences and Pharmacy in 1919. These scientists built a complex network, which gave them visibility and allowed them to take the necessary initiatives to create new spaces where chemistry-related work was performed, taught, practiced and eventually professionalized.106

The massive effort to open a national institute for the study of medicinal flora (that was the IMN) hit a wall as the revolutionary movement took hold in Mexico. Although professionalization of chemistry did happen in Mexican scientific institutions, industrialization was far from crystallizing.
As Godínez-Reséndiz states, during the nineteenth century in Mexico:
The main scientific and research activities were carried out during the historical period known as the Porfiriato (1876–1911), when the government allowed [and encouraged, we would add] the country to be in direct contact with European scientists. However, neither the government nor the researchers were ever able to launch a pharmaceutical industry in Mexico, even though, during the last decades of this century, there were some favorable conditions for the emergence of a pharmaceutical productive branch.107

We believe that not spreading the elemental analysis method was a missed opportunity to develop a new scientific field and to foster industrial applications (for example, in therapeutical molecules already found in local flora). This overlooked opportunity is a response to a fragile nationwide scientific policy. Regarding science, things do not happen spontaneously; this activity requires a society in search of the results that applied science provides and a better understanding among society, academic, and government representatives. This understanding should lead to public policy capable of fostering an intellectual environment where concepts, methodologies, problems, and needs converge, sprouting into innovative solutions. In world-leading countries, the source of innovation is industry; nations without a proper industry do not face fresh scientific problems and live on small advances that result from implementing foreign technology in local processes.
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