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Метильный алкоголь иначе древесный спирт ест продукт сухой перегонки 
растительность веществ сложного состава, каковы древесина, сахар, крахмал и 
др. 

Продажный древесный спирт представляет смесь метилного алкоголя с 
другими разлообразными жидкими продуктами. Отсюда можено получить 
чистый метильный алкоголь подвергая смесь перегонк и смешивая первой 
дистиллят с хлористым кальцием; получаемое при этом кристалическое 
соединение древесного спирта с хлористым кальцием разлагают водой. Затем 
сливают верхний слой жидкости и перегоняют несколько раз с едкой известью 
до соверменного отнятия воды. В чистом виде метильный алкоголь 
представляет бесцветную, прозрачную удобоподвижную жидкость с запахом 
пригоремем напоминающим винный спирт, и горящую синеватьем пламенем. 
Он смешивается во всех пропорциях с водой, алкоголем и эфиром. Растворяет 
небольшое количество серы и фосфора, легко растворяет окирные масла и 
смолы. Кипит при 66,5. Это касается до химических свойств метильного 
алкоголя, то, говоря об них, мы сделаем очерк свойств всех алкоголей вообще 
потому что они представляют чрезвычайное сходство в этом отношении. 

1. Все алкоголи имеют способность окисляться и притом так, что окислению 
подвергается группа радикальная, переходя из радикала алкогольного в 
кислотный. Окисление имеет обыкновенно две степени: а, углеродистая 
группатеряет два Н не заменяя их двумя паяму О. Это можно выразить так: 
CmHm
    HO2

!, подвергаясь первой степени окисления, дает CmHm-2
        HO2

!. Продуктом этой 

переходной степени окисления получается альдегид (от – alcohol 
dehydrogenatus). в) Подвергаясь дальнейшему окислению это тело принимает 
2 О и дает кислоту CmHm-2O2

            HO2
!. 

 

Original handwritten Russian lecture notes

Transcription into modern Russian Translation into English

Note the different handwriting highlighted in the magenta boxes. Overall, there are at least three different hands that can be 
identified in these notes: a calligrapher, who has written most of the material, and at least two other individuals who have 
filled in spaces left for technical terms and foreign words, and who are responsible for all structures in this manuscript.

Notes of lectures delivered by Ord. Prof. A. M. Butlerov 
taken by student V. V. Markovnikov, 1859-1860

1864: Butlerov’s Structural Theory is Mature

Aleksandr Mikhailovich Butlerov (1828-1886)
(Бутлеров, Александр Михайлович)

Jean Baptiste André Dumas (1800-1884)
Type Theory (1853): 

             decomposition of
                 acetic acid                                              trichloroacetate
             
     trichloroacetic acid    

 This short paragraph reads: “For the first general class we obtain two hydrocarbons, 
of the type C2H2 [CH2] and C2H4 [CH4]. Each of them can gradually lose hydrogen to give 
radicals, each of them gradually losing the valence of which is determined by the number 
of monovalent particles necessary to return to the original type.”

Methyl alcohol, otherwise known as wood alcohol, is obtained as a dry distillation 
product of vegetable substances of complex composition, such as wood, sugar, starch, 
etc. 
Commercial wood alcohol is a mixture of methyl alcohol with other liquid products. 
From this, it is possible to obtain pure methyl alcohol by subjecting the mixture to 
distillation and mixing the first distillate with calcium chloride. The resulting 
crystalline compound of the wood alcohol with calcium chloride is decomposed by 
water. Then the upper layer of liquid is drained and distilled several times with 
quicklime until the water is removed completely. In its pure form, methyl alcohol is 
a colorless, transparent, mobile liquid with a burnt smell resembling wine alcohol. It 
burns with a bluish flame. It mixes in all proportions with water, alcohol and ether. 
It dissolves a small amount of sulfur and phosphorus, and easily dissolves oils and 
resins. It boils at 66.5. When we talk about the chemical properties of methyl alcohol, 
we make an outline of the properties of all alcohols in general because they exhibit 
an extreme similarity in this respect. 
All alcohols have the ability to be oxidized so that the radical undergoing oxidation 
is converted from an alcohol to an acid. Oxidation usually has two stages: a) the 
carbon group loses two Hs without replacing them with two equivalents of O. The 
product of this transitional level of oxidation is the aldehyde (from alcohol 
dehydrogenatus). b) On being subjected to further oxidation, this particle takes two 

Os and gives an acid. This can be expressed as follows:	CmHm
    HO2

", undergoing the first 

degree of oxidation, gives CmHm-2
								HO2

". On being subjected to further oxidation, this 

substance takes 2 O and gives the acid, CmHm-2O2
												HO2

". 

 

 When he returned from Paris in 1859, Butlerov 
was clearly considering the views of ther two pioneers 
of Structural Theory. However he was not yet ready to 
commit to the new theory. In 1859, he wrote a paper in 
Justus Liebigs Annalen der Chemie und Pharmacie in 
which he criticized Couper’s version of the new theory 
for extrapolating too far from what the experimental 
data would support.

Butlerov (1859)
Type Theory as the Basis of His Organic Chemistry Course 

Butlerov was using type theory and equivalent weights (C=6, O=8) in September 1859:

 Within two years, Butlerov had completely changed his mind 
about Structural Theory, and had developed his own version 
(largely an adaptation of Couper’s theory that he had criticized 
in 1859). By the time that he presented his talk at the Speyer con-
ference of the Gesellschaft Deutscher Naturforscher und Ärzte in 
September, 1861, he was using this theory in his lectures delivered 
in 1862-1863, recorded by student Ivan Bukhvostov (Бухвостов, 
Иван), who was likely a classmate of another important Kazan 
chemist, Aleksandr Mikhailovich Zaitsev (Зайцев, Александр 
Михайливич, 1841-1910). Unlike his predecessor, Markovnikov, 
Bukhvostov did not accomplish anything noteworthy after gradu-
ating. 

During his time in Paris, Butlerov had made a pre-
sentation to the gathered students about the structure 
of chemical compounds. Unfortunately, this report is 
no longer extant, and it is only known from the min-
utes of the meeting of the fledgling Société chimique de 
Paris. What has come down is the view that Butlerov’s 
position was opposite to Coiper’s view, but between 
those of Kekulé, Structural Theory’s first proponent, 
and Hermann Kolbe, its most virulent opponent.Summer, 1860: Butlerov’s Conversion

 The summer of 1860 was a momentous one. In early September, the Karlsruhe Congress 
was held in that German city, attended by chemists from almost every country in Europe. Among 
the luminaries there were Kekulé (Belgium); Baeyer, Erlenmeyer, Strecker, Beilstein and Lothar 
Meyer (Germany); Crum Brown and Odling (Great Britain); Dumas, Friedel and Wurtz (France); 
Cannizzaro (Italy); Wislicenus (Switzerland); and Borodin, Mendeleev and Zinin (Russia).
 For two years, chemists had been wrestling with the weights of the elements, and little prog-
ress was being made when Cannizzaro presented his paper from 1858, where he proposed the 
atomic weights of the elements, based on the applications of Avogadro’s Law to gases that made 
hydrogen, nitrogen, oxygen, etc., diatomic molecules. Within a short time, Cannizzaro’s atomic 
weights became dominant (but still not universally accepted) in Europe.
 Prior to the summer of 1860, Butlerov was clearly moving towards using H=1, C=12 and 
O=16 as the basis of his molecular formulas. It appears that Butlerov afopted these weights at 
the end of the 1859-1860 academic year, and that he spent the next three months exploring the 
consequences of this decision. In any case, Markovnikov reports that in the academic year 1860-
1861, Butlerov was using his version of Structural Theory as the basis for his organic chemistry 
course.
 Butlerov had an especially close connection to the Russian chemists: Zinin had been his 
mentor at Kazan, and Borodin and (especially) Mendeleev were his close friends.  It is therefore 
likely that they communicated the outcome of the Congress, and the effects of Cannizzaro’s pa-
per. This would certainly have given Butlerov the confidence to promulgate his version of Struc-
tural Theory.
 There is one more thing to say: Butlerov believed that his chemical structure was apart from 
and different from a molecule’s physical structure. He believed that at the time he proposed his 
theory, it was not yet possible to locate the physical locations of atoms in the molecule, but that 
it was possible to infer the linkages between the atoms. Butlerov used his theory by predicting 
the existence of unknown isomers of organic compounds (especially alcohols), and then prov-
ing their existence by unambiguous synthesis. In this work, he was helped by his two students: 
Markovnikov, the brilliant theoretician, and Zaitsev, the virtuoso synthetic chemist.


