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—15t Russian academician - Lloemonosov - only.in 1745 -
« IMPERIAL ACADEMY OF SCIENCES 1747

* RUSSIAN ACADEMY OF SCIENCES 1917
* USSR ACADEMY OF SCIENCES 1925 -
‘hedim" sl + RUSSIAN ACADEMY OF SCIENCES 1991 \.I“ |'




\AC’ ADEMIA DELLE SCIENZE™—
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" FOR BERNOULLI

Daniel Bernoulli
(1700-1782)

Elected Bologna Academy —
1724 fzr
Elected St.Petersburg o e I
Academy - 1724 H\DRODYNAMIC\ 2t

(. l lh\'TARll

OPuUsS ACADE:\“CU\( Ko

-chose to go to St.Petersburg, “
worked there till 1733, then i
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MIKHAIL I.OMONOSOV

1711 -1765
“Father of Russian Science”

TRUE POLYMATH:

+ PHYSICIST AND CHEMIST

» POET AND ARTIST

» ENGINEER AND ENTREPRENEUR
+ COURTIER AND ADMINISTRATOR |3
+ PHILOLOGIST AND ASTRONOMER [P/ Sl
+ GEOLOGIST AND MINERALOGIST IS8 it
« ETC ETC =

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 9
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NAMED AFTER LOMONOSOV

» MOSCOW STATE UNIVERSITY — RUSSIAN “NUMBER ONE™
e TOWN (NEAR ST. PETERSBURG), HOME VILLAGE IN THE NORTH

« RANGE IN ARCTIC OCEAN, OCEAN STREAM, PENINSULA, MOON
CRATER, MINERAL, CRAYFISH SPECIES

e THREE OTHER UNIVERSITIES

 ONE THEATER

« RUSSIAN STATE PORCELAIN FACTORY
e 8 SCHOOLS

e 54 STREETS AND SQUARES

* RUSSIAN STATE-WIDE TERCENTENNIAL CELEBRATION IN 2011

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 o 10



Moscow State University
Named after M.V.Lomonosov
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6 volumes out of 11 on Natural Sciences: Physics, Chemistry, Astronomy, Geology, Geography




LOMONOSOV AND BOLOGNA ACADEI\/IY

(knew ltalian)

COUNT MIKHAIL VORONTSOV

LOMONOSOV TOMB ST PET%RSBURG

_Erangesco MEDICO (1767)
Caffera m@rble




VORONTSOV"S 1764 TRIP TO ITALY

) arranged article on mosaics in “Novelle Letterarie Firenze” via Francesco ALGAROTTI
2) Recommended LOMONOSOQV to Bologna Academy
3) Passed LOMONOSOVS convolute “Opera Academ|ca” to Bologna (ZANOTTI)

31 S
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OREIGN MEMBER OF BOLOGNA ACADEMY APRIL 6, 1.

lﬂ, MMUNICATIONS WITH FRANCESCO MARIA ZANOTTI. ACADE
: _-__ CRETARY (APR“_ — MAY 1764) (Reproduced with kind permission of Biblioteca Universit

Bologna)
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OPERA ACADEMICA CONVOLUTE (9 PAPERS)

9 2% € |. PANEGYRICUS ELISABETAE AUGUSTAE (1751,
O € LATIN)
@ ( II. ORATIO DE UTILITATE CHEMIAE (1752, LATIN)

S IIl. ORATIO DE METEORIS VI ELECTRICA ORTIS.
g (1753, LATIN)

e V. PANEGIRIQUE DE PIERRE LE GRAND (1755,

5 o FRENCH)

L OMONOSOW
OPERA
ACADEMICA

V. ORATIO DE ORIGINE LUCIS SISTENS NOVAM
THEORIAM COLORUM (1756, LATIN)

VI. ORATIO DE GENERATIONE METALLORUM A
ee0BPbanasaspetaess TERRAE MOTU (1757, LATIN)

VII. MEDITATIONES DE VIA NAVIS IN MARI (1759,
LATIN)

VIIl. MEDITATIONES DE SOLIDO ET FLUIDO (1760,
LATIN)

IX. ERSCHEINUNG DER VENUS... (VENUS
ATMOSPHERE - 1761, GERMAN)

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 17
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THEORY OF ATMOSPHERIC ELECTRICITY

Air density increase due to lower temperature in upper atmosphere 1753
IS ~2.5 times stronger than density decrease due to high elevation

\Y ad|m|r Shi tsev Lomonosov Mene eev and Bologna Academy, Nov 2019
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1754 LOMONOSOQOV'S 9 grams of hrust |
YAERODYNAMIC MACHINER

,“

Chinese top
4" cent. A.D. A

Leonardo’s “airscrew”

, Ul RN * counter-rotating blades
+ a1 e A ¥ T **for atmospheric research

N
Vlad|m|r Shiltsev | Lomonosov,



DISCOVERY OF VENUS'S ATMOSPHERE

 IN1761, MIKHAIL LOMONOSOV
OBSERVING THE TRANSIT OF
VENUS NOTED APPEARANCE
OF LUMINOUS ARC OVER THE

PART OF THE PLANET OFF THE
SUN'’S DISC AT EGRESS:

«...FROM THESE OBSERVATIONS, MR.
COUNCILOR LOMONOSOV
CONCLUDES THAT THE PLANET
VENUS IS SURROUNDED BY A
SIGNIFICANT AIR ATMOSPHERE
SIMILAR TO (IF NOT EVEN GREATER
THAN) THAT WHICH SURROUNDS

OUR TERRESTRIAL GLOBE..

Source: “The Appearance of Venus On The Sun, Observed At The St. Petersburg
Imperial Academy Of Sciences On May 26, 1761.” , StP.Acad.Sci. Print, July 17, 1761 #*




SUN, VENUS AND EARTH




- \_
yN 'S OF VENUS OVER SUN'S DISC

lasts about 6 hours _ /

“1761: JUNE 6
Nt Transit of Venus on 5-6 June
1769: JUNE 3-4 s

1874: DEC 8-9
1882: DECEMBER 6

2004: JUNE 8
2012: JUNE 5-6

2117: DEC 11
2125: DECEMBER 8

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019

Times are BST on 6 June
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WHX SO-RARELY? TILTED ORBITS

Venus orbit tilted
3.4% w.r.t. ecliptic

Earth

Venus overtakes the
Earth on the inside every
584 days, but because
of the inclined orbint,
transits occur only four
times every 243 years




VENUS ATMOSPHERE - LOMONOSOV’S ARC
1761 AND NOW

(IMONO2/NOD4HNSOHLSV//:d LLH) ITTIOWNOD

Modern-day telescope image showing aureole

appearing at early stages the 2004 Transit of Venus
Viadimir Shiltslyﬁl)nBr%E@K/lendeleev and Bologna Ac];;(gzmy, Nov §019 Y & 25

From Lomonosov’s



Alfiya Nesterenko Randall Rosenfeld

TRANSIT (PRIUNE 5-6, 2012

[ Before S| liitﬁf
LlOWIR o] 2

Venus overhead
at transit maximum

entire transit
visible

|

I
|

Aleks Koukarine| Viadinit Shiltsev

transit not visible [ I I - v, I I transit not visible

transit starts before sunrise
and ends after sunset

M. Zeller, eclipse-maps.com

""SI'I\'/IIULTANEOUS OBSERVATIONS WITH ANTIQUE TELESCOPES

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019




o7

% ft - Dollond
2nd half 18t ¢

2 ft - C.West
3 ft - Dollond ca 1820
ca 1800 o/

end 18th ¢

e o QUL ADLIGUE Telescopes -
“of two.lenses” (achromats)



RESULTS OF 2012 REPLICATION
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MORE IN THE ARTICLES BY

1982 Prof. Piero CAZZOLA /VOLUME/33/ANNO/ 7/NUMERO!:

ATTI

DELLA

ACCADEMIA DELLE SCIENZE
DELL'ISTITUTO DI BOLOGNA

b { 3
Lol '
3 L,,\(I

CLASSE DI SCIENZE MORALI - DliFISICA
iz i iy

Axxo To~

MEMORIE
VoL, LXXXII
10811082

GIORNALE
DI FISICA

MICHAIL LOMONOSOV, MEMBRO CORRISPONDENTE
DELIFACCADEMIA DELLE SCIENZE DI BOLOGNA

Mewmsoria (1l PIHRO CAZZOLA
presentatn (%) dall’Accademico Effettive Lumt Hemamaxy

TIFOGHAVIG MEPSEITONE = BdelOBNe - INeE

tsev | Lomonosov, Mendeleev and Bologna Academy, NO
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DMITRII MENDELEEV (1834-1907)

Hj‘ Periodic Table of the Elements
::"; i © hydrogen B poor metals
Li | Be alkali metals O nonmetals
alkali earth metals B noble gases

transition metals rare earth metals

* PERIODIC LAW (1869)

» FINALIZED EQUATION FOR IDEAL
GAS (1874), CLAPEYRON

PV =nR1

« TEMPERATURE OF ABSOLUTE
BOILING - CRITICAL T (1860)

'1;_3__\/ LJ_ngnjsov Mendeleev and Bologna Academy, Nov 2019
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. SBPERCRITICAL FLUIDS (1860)

|

.
73 atm
10 ;

+ Critical
€ + Point
8 5 ;

v : ;
5 ' -
wv L) L]
O ' ;
a 1 - '
-78 =57 0 31
Temperature (°C) ——
Properties of liquid phase, gas phase, and
supercritical fluid (SCF)

Liquid SCF Gas

Density (g/lem’) 1 01-1 10°

Viscosity (Pa-s) 10° 10% - 10 10°

W Diffusivity (om/s) | 100 o Lo 400 oL 107

Substance Critical temperature Critical pressure )
K C Pa atm
Water 647.4 374.3 22.1210% 219.0
Sulfur dioxide ~ 430.7 157.6 7.8810%  78.0
Ammonia 405.5 132.4 11.2810% 1117
Carbon dioxide 304.2 31.1 7.39109 732 ]
Oxygen 154.8 -118.4 5.0810°  50.3
Nitrogen 126.2 -146.9 3.3910% 336
Hydrogen 33.3 -239.9 1.3010% 129
Helium 5.3 -267.9 0.229105 2.27

Decaffeinate coffee bean
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HEIDELBERG MENTORS:
BUNSEN & ERLENI\/IEYER

Bunsen burner

B

Erlenmeyer flask

3




RUSSIAN STUDENTS IN HEIDELBERG

1859-1861 ALEXANDER BORODIN

“PRINCE IGOR” OPERA
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FEBRUARY 1901)

- Academy Correspondence Book
Courtesy Prof. Luisa CIFARELLI

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019
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ALBERT DE LAPPARENT EDWARD SUESS EMIL FISCHER O
PARIS, GEOLOGY WIEN, GEOLOGY BERLIN, CHEMISTRY
GONDWANA 1902 NOBEL PRIZE .~

CHANNEL TUNNEL PROPOSAL .
SUPERCONTINENT SUGARS }
e J )

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 L y e \



| 7
WHY ANO NOBEL PRIZE

R MENDELEEV?

e
NOMINATED IN 1905, 1906, 1907
DIED 1907

“...In 1906, Mendeleev was selected by the
prize committee to win the honor, but the Royal
Swedish Academy of Sciences stepped in and
overturned the decision. Why? The intervention
was spearheaded by Swedish chemist Svante
Arrhenius,

MENDELEEV HAD COLD RELATIONS WITH NOBEL BROTHERS DUE TO BAKU OIL TARIFFS

who had himself won the
prize in 1903 for his theory
of electrolytic dissociation.
Mendeleev had been an
outspoken critic of the
theory, and Arrhenius seized
the opportunity as the
perfect chance to squeeze a
few sour grapes...”

9. s C ¢ N 7 0 l F 4
,},!_AM MEHIIEIIEE81334 1907

s .
.



_ J_,\'/MENDELEEV’S FAME

N

© *THE PERIODIC TABLE OF ELEMENTS

e NON-ELECTION TO THE RUSSIAN ACADEMY

OF SCIENCES IN 1880

« MEMBER OF 150 ACADEMIES
AND SOCIETIES: FOR.MEM.R.S.,
PARIS, BOLOGNA, ACCADEMIA
DEIl LINCEI, ROME, ETC

« BROAD SPECTRUM OF
INTERESTS AND PUBLICATIONS
(25 VOLUMES)

e MYTHS

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019




S~

“MENDELEEV'S
DREAM”

(INVENTION OF PERIODIC TABLE)

W~

* |n memoirs of Prof.
A.Inostrantsev
(1843-1919), geologist,
friend

* Widely spread by media|

» Very popular among
students (no study — go to
bed!)

e DIM himself never
confirmed or denied...

* commented that it took Opening “Mendeleevs Dream" menument in St.Petersburg (2017)

-
e

42

Vladimir Shiltsqy; I Loseqosou Magegigex pad Rologna



PHYSICS TODAY

HOME BROWSE™ INFO¥ RESOURCES™ JOBS

DOIL10.1063/PT.6.4.20190822a

22 Aug 2019 in People & History

In 1894 Dmiteysh

g=| Dmitri Mendeleev and the science of

for Rus:
"

21 vodka

allows us i
1 oF ‘
Using wintel Separating fact from fiction regarding the popular spirit and its link to the legendary chemist,

§
> i
water from Lake

vodka Ihl“i

Viadimir Shiltsev

COMEEN!S sewiess o o O @ O ( NEXT )

Vladimir Shiltsev | Lor



~ Nulliusinverba!

N

PHYSICS TODAY, 22 Aug

2019

B
W

5

® % by vol|

Alcohol in Vodka (% by v

44 - 2 2 36 48

Time(hrs)

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019
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OTHER RUSSIAN MEMBERS OF
BOLOGNA ACADEMY

CHEBYSHEV  KARPINSKY  PAVLOV LOBODANOV
1873 1901 1911 2016

MATHEMATICS  GroLoGy PHYSIOLOGY LINGUISTICS

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 46



OECD RESEARCH & DEVELOPMENT DATA

Annual R&D Expenditures , B$ (PPP)
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“RADIO-ASTRON” (SPEKTR-R) 2011-2019
10 m, A=1.2-92cm LEBEDEV PHYSICS INSTITUTE
20 EARTH DIAM’S BASE > 7 MICROARC SEC (RECORD)

Russia’s RadioAstron space observatory

The RadioAstron observatory-with an unprecedented high reselution
capability will make it possible te observe remote obje(fs in space

Parabolic antenna Broad-beam amdennas }———/{
1 meters

27 carbon-plastic “petals ’ . ' Observed object
. ’.— | ’ 4 ¥ ocal modile /\

This is the first Russian orbital /] | 4 5
radio telescope : - ,/.--....--.-.,_,,__.__‘\\

e -
It will study: \ . P! =¥
b $ ‘ interferometer base
f 2 . ~
%t ~

\" . Moon
\
N

« Interstellar plasma clouds

« Galaxy nuclei
+ Black holes #. :
« Neutron stars - $l

« The Earth’s gravitational field

« And many other objects and
phenomena in the Universe

I'he RadioAstron observatory will operate with an inter-
national network of ground-based radio telescopes. This
huge ground- and space-based telescope system, also
called an interferometer, will provide the finest angular
resolution.

This will make it possible to obtain images of remote
objects with a resolution exceeding that of NASA's
Hubble orbital telescope a thousand times over

www.ria.ru




COLLIDING BEAMS 1-6 GEV CME
BUDKER INSTITUTE OF NUCLEAR PHYSICS (NOVOSIBIRSK)

e “ROUND BEAMS” FOR RECORD HIGH BEAM-BEAM TUNE SHIFT ==0.25
e “RESONANT DEPOLARIZATION” RECORD ENERGY PRECISION AE/E~1E-7

F A Russia: 2 out of 7
Colliders
- VEPP-2000

— VEPP-4M
— DAFNE (Italy)

— BEPC (China)
— Super-B (Japan)
— RHIC (USA)
— LHC (Europe)

e (NICA — constr’n)

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 ko b1 49



'RECORD HIGH MAGNETIC FIELD 24C
Cr . VNIITEF (SAROV)

Explosively pumped flux compression «.53

20 40.078

Ca




NEW ELEMENTS 113-118
JOINT INSTITUTE FOR NUCLEAR RESEARCH (DUBNA)

IUPAP:

December 30, 2015
#113 RIKEN

#115 JINR,LLNR,ORNL
#117 JINR,LLNR,ORNL
#118 JINR, LLNL

#114 Flerovium
(JINR, 2012)
#116 Livermorium
(JINR, LLNL, 2012)

it T16

D.I. Mendeleev
=17 1834 - 1907

ST

Discovered Discovered Discovered

at JINR in 2003 at JINR in 1999 at JINR in 2003



WORLD'S LONGEST LASER 270 KM
NOVOSIBIRSK IAE & ASTON (UK)

Vladimir Shiltsev | Lomonosov, Mendeleev aid sorogiia Acad



RUSSIA SUPPORTS INT'L MEGASCIENCE

FAIR
(Darmstadit)
17%

o 2 .',. European
e 9%.. Synchrotron
%% oo¥ - Radiation
“atseee’ " Facility

EUROPEAN
XFEL (HAMBURG) n Europeiiggy
25%

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 20
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RUSSIA-CERN:

/ - ¥ USA (non-member) 1730
* In-kind contribution ~ |TALY 1 500

150 M$ to LHC construction

Ebeaérggisr)t of many groups in 4 G ER MAN Y 1 2 OO

major experiments

. 2;'2;?;2”&;;&'}9 cH s RUSSlA (non-member) 920
UK 900

s — S —



RUSSIA-ITER: 9% (2B3$)
(EU & RU, US, CH, RK, IN, JP)

29 mdiax29m
2020... -2022?

the idea of tekamak
(1951 - Lavreatiev,
Sak-harov, Tamm)

CONSTRUGTHONAT CARARAL HE AFRANEE -S| TRaQfET HETERNUCEARFUSIQNEXPERIMENT
VAU OISV | LUITIUIUUY, IVITITUTITTV AllUu DUIVYIIA ALAUCIHILY, INUV £U1I



5|A'S MEGASCIENCE: ION-ION COLLIDEF -'Y,..
(N A

24

@ | PR
LQNmUen

HER MEGASCIENCE PROJECTS (APPROVED): RESEARCH REACTOR PIK
| (ST.PETERSBURG ~ UNDER CONSTR.), THREE MODERN LIGHT SOURCES 1, 3
AND 6 GEV AND PULSED NEUTRON SOURCE (PUTIN, 2019)

LIS

m



ALL THAT MAKES US HOP"

. A
CONNECTIONS BTW P \‘05 .~CE
AND BOLO”
STARTEP

o

lc _GY AN DELEEV -
& _NTINUBTO STRENGTHEN

Vladimir S .| Lomonosov, Mendeleev and Bologna Academy, Nov 2019



.~ MENDELEEV AND ITALY N—
- ~ ]860 1864, 1879, 1881, ]904
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Bolzano Googleane @ catania

Vladimir Shiltsev | Lomonosov, Me Marsala Sicilia



Saint Petersbursy, Russia
9-13 September, 2019

Y | MENDEEE GONGRISS
on general and applied chemistry

EUROPEAN PHYSICAL SOCIETY — EPS HISTORIC SITE
THE MENDELEEV MUSEUM AND ARCHIVES —
ST. PETERSBURG STATE UNIVERSITY
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Google Books Ngram Viewer
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LOMONOSOV: ACADEMY & BEYOND

ODES TO EMPRESSES, POETRY REFORM
ADJUNCT PROFESSOR OF PHYSICS ST.PETERSBURG ACADEMY

ACADEMICIAN (PROFESSOR) OF ST.PETERSBURG ACADEMY
ESTABLISHED FIRST RUSSIAN CHEMICAL LAB

PROOF OF LAW OF CONSERVATION OF MATTER AND MOVEMENTS
MOSAIC FACTORY

FORMULATED MODERN RUSSIAN GRAMMAR

THEORY OF ELECTRICITY - FIRST HELICOPTER

FOUNDED MOSCOW UNIVERSITY

ORIGINS OF EARTHQUAKES AND MINERALS

ACADEMY TOP SCIENTIST/MANAGER

DISCOVERED ATMOSPHERE OF VENUS
ARRANGED ARCTIC PATH EXPEDITION
COMPREHENSIVE RUSSIAN HISTORY

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019

1739-1763
1742

1745

1748
1748-1756
1752-1765
1754
1753-54
1755

1757
1757-65
1761
1763-65
1765

61
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BEtEEV IN BOLOGNA ACADEMY—"."

—

ACCADEMICI CORRISPONDENTI ESTERI

SEZIONE PRIMA

Scienze Fisiche e Matemaltiche,

Boltzmann Dott. Lodovioo Prof. di Fisica nell’ Universita di Vienna; Mem-
bro dell'l. R. Accademia di scienze di Vienna; Membroe onorario della
R. Accademiu delle scienze di Berlino, e Corrispondente della R. Acca-
demia Svedese delle scienze, della R. Societi delle scienze di Gottingen,
del R. Istituto Lombardo di scienze e lettere, della R. Accademin delle

Hooker Sir @iuseppe Dalton Dollore honoris causa della Facoltd di
scienze fisiche, matematiche e naturali della R. Universiti di Bologna;
gid Presidente della Societi R. di Londra; Membro corrispondente
della R. Accademia delle scienze di Berlino, della R, Accademia Sve-
dese delle scienze, della R. Accademia delle scienze di Amsterdam,
della R. Accademia Danese di scienze e leltere, della R. Societd delle
scienze di Goltingen; Membro straniero della R. Accademia DBavarese
delle scienze; Socio straniero della Societa Italiana delle scienze detta
dei XI., della R. Accademia dei Lincei, della R. Accademia delle scienze
di Torino e della R. Accademia delle scienze, leftere e belle arti di
Palermo ; Direttore dei Royal Kew Gardens - Londra.

Karpinsky Alessandro Petrovie Professore di Geologia nella 1. Uni-
versitiv di S. Péefroburgo e nel Berginstitut ; Dirvettore del Comitato Geo-
logico di Russia; Socio straniero deila R. Accademia dei Lincei.

De Lapparent Prof. Alberto, Membro dell’Istituto di Francia - Parigi.

Leydig Dott. Francesco Dollore honoris causa della Facolti di scienze
fisiche, matematiche e naturali della R. Universita di Bologna; Pro-
fessore d’Anatomia comparata nella Universith di Wiirzburg; Ordinario
emerito dell’ Universita di Bonn; Membro corrvispondente della R, Acca-
demia Danese di scienze e lettere. )

Mendeleeff Prof. Demetrio Direttore della Camera centrale dei Pesi e
delle Misure dell’ Impero Russo - S. Pietroburgo.

Pauthier G. P. Guglielmo - Pariyi.
v [ Lomonosov, — “. . S Calcium




“The solution 1s Jesiutic™

“Un-Real History” (TNT channel)

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019
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'Lyuba Mendeleeva & Alexander Blok, m.1903.
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Overturning ideas about
ocean circulation pp, 4

@
Clence ;
1 FEBRUARY 2019
AYAAAS

How a warm “Blob” ate Membrane proteases diffuse
Pacific ecosystems p. 142 superfast pp. 450 & 107

7 SPECIAL ISSUE

PERIODIC
TABLE TURNS

100

nature

Directed evolution

of microbial enzyme
opens fresh route (o
carbon-carbon bond
formarion e

The International Year of
the Periodic Table

2019 1s the International Year of the Peroctic Table of Chemical
Elements, marking 150 years since MV cleey ordered
ents into o table. Of conrse, the tabl i our

nding of chemical persodacity has evolved in the

Intervening time, and this.. show tmore




FERMILAB (CHICAGO) — MAY 2019
B .

2019 UNESCO International Year of Periodic Table

1869-2019

= The Periodic Table of Elements

MICHAEL D, GORDIN

= A
‘ o WELL-ORDERED

»

DOMITRII MENDELEEV AND THE
SHADOW OF THE PERIODIC TABLE

Vladimir Shiltsev | Lomonosu Academy, Nov 2019
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CERN — OCTOBER 2019

WHY (.L.\’llTS.{ 2
WHAT'S GENIUS?
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PHSSION FOR

AMCADEMIAII LIS M N
DRLUINTEIE 10 0 BOL OGN A

Sala Ulisse
Accademia delle Sci

International Symposium on the occasion of the International Year of the Periodic Table of
Chemical Elements IYPT2019

Organised by the Italian Physical Society - SIF Festival della Scienza

in collaboration with the Italian Chemical Society - SCI e —
Tempo

Vittorio Pellegrini (IIT, Genova, Italy)

From carbon nanotubes to graphene

Emanuela Zaccarelll (Istituto dei Sistemi Complessi del CNR, Roma)
Smart materials

M Lucio Rossi (CERN, Geneva, Switzerland)
W Superconducting materials

Petra Rudolf (University of Groningen, Netherlands)
Materials and surfaces

Ulrich Schubert (Vienna University, Austria)
New materials: where chemistry and materials sciences meet

Viadimir Shiltsey (Fermilab, Chicago, USA)
From Lomonosov to Mendeleev at the Bologna Academy of Sclences

Diederik Wiersma (INRIM-Istituto Nazionale di Ricerca Metrologica, Italy)
The new system of units

Antonino Zichichi (Universita di Bologna, italy)
Elements and antielements
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CAITETEPBYPIVE.

nrosrccora Il Con. YMUBEPCATETA,

Foundations of Chemistry (1869)

YACTH IEPBAA,
¢h 151-MF> HOMHUTHIAMKOMB.




Volume |. Ph.D. and Master thesis (3 articles). N
Volume Il. Periodic law (7).

Volume lIl. The study of aqueous solutions by specific gravity (11).
Volume IV. Solutions (13). =,
Volume V. Fluids (16).

Volume VI. Gases (17).

Volume VII. Geophysics and hydrodynamics (25).

Volume VIII. Works in the field of organic chemistry (29).

Volume IX. Gunpowder (34).

Volume X. Oil (36).

Volume XI. Fuel (40).

Volume XII. Works in the field of metallurgy (42).

Volume XIII. “Principles of Chemistry". Part One (50).

Volume XIV. “Principles of Chemistry". Part Two (55).

Volume XV. “Knowledge is theoretical”, small notes (62).

Volume XVI. Agriculture and processing of agricultural products (68)
Volume XVII. Technology (70).

Volume XVIII. Economic work. Volume | (74).

Volume XIX. Economic work. Volume I (78).

Volume XX. Economic work. Volume Il (82). e
Volume XXI. Economic work. Volume IV (84).

Volume XXII. Metrological work (86).

Volume XXIlI. Public education and higher education (93).

Volume XXIV\Artimd materials on general issues (96).

d Adgtumey XX, Suppl&Mentary Materials (98). «  \ 2
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| —MENDELEEV INTERESTS . Mg

1 OFganie ehemistry

Selutiens "

CC“_

v

Gases,
liquids

(50, Bio-med,
= agﬂeulture

o6potuH, H.I.Kapnuno, 1.C.Keposa,
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(THE RESTRUCTURING)
1987-91

J

EA

MNOYTA CCCP 1991 15!(

Naupeam Hodedegckou npesuu
A Jl.Caxapos 1921-1989

“Pauper Professors
= RUSsia’s Shame!”

Sakhard % 1939

- 74



\_/,\“QENDEI.EEV’S STORIES

g VODKA (PHYSICS AND CHEMISTRY OF SOLUTIONS) o
/ + PERIODIC LAW AND TABLE
« SUPERCRITICAL LIQUID
« RARIFIED GASES - SEARCH FOR ETHER
« CLAPEYRON-MENDELEEV EQUATION OF IDEAL GASES
« AERONAUTIC AND METEOROLOGY, SMOKELESS POWDER
- CHAMBER OF WEIGHTS AND MEASURES
« PERSONAL LIFE
« CRITICISM OF SPIRITISM AND TESTS/EXPOSURES OF MEDIUMS
* OIL IN BAKU ~ NOBEL BROTHERS, DONETSK COAL, ECONOMICS & TARIFFS
« JUDGMENTS ON LITERATURE AND POETRY
« MENDELEEV AND LOMONOSOV Nrt
/s * “WHAT KIND OF ACADEMY WE NEED'/- (NON-ELECTION ANDFAME) )

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 y e \



Jﬁmn MYTHS ABOUT V@DKA

* “INVENTED BY DMITRII MENDELEEV™
e “IDEAL RECIPE ESTABLISHED BY MENDELEEV DUE

MANY UNIQUE PROPERTIES OF 40 % ALCOHOL™:

e BURSTS INTO FLAME

 DOES NOT FREEZE

e ULTRA PURE PRODUCT

 FAT DROWNS IN VODKA
 EVAPORATES BUT AS FAST AS WATER

« FROM GRAIN ONLY =

e MINIMAL HANGOVER
AND MANY OTHER FASCINATING FEATURES ATTRIBUTED

o\ / St
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 ) o \

/
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& /
seientifie study of solutions of
alcohol C,H-OH in water:

> Temperature control dT— 0.02°C, new
method to get record pure 99.99% ethyl
alcohol, took into account air weight and
air pressure, precise calibration of P and
T, glass expansion, etc etc...

» VERY thorough error analysis

» Record accuracy <0.01 %

» Chi-squared and Chebyshev methods

» Cont'd analysis in 1887

= Concluded presence of “associations”™ :
= \What we now know as hydrogen bonds | ‘_ L
11 [z —cie 0 l'l] -
(i—o—n) C2HSO + 12H20 y
CHs CH: CH3 CH3
216 2 \
(Il‘l{: (II'II: (Il‘ll: (I‘II: C H O + 3H O A

4:2 n—(')—n

Vladimir- Shiltsev- ] Lomonosov, Mendeleev and Bologna Academy, Nov 2019

PHD THESIS (1865)

On Compounds of Alcahal with Water

PASCYRIEHIE

0 COEAMHEHIH CNAPTA Cb BOAOI,

IIPELCTABIEHHOE B OH3HKOMATEMATHYECKIN ®ARYIBLTETD
[, C-OETEPBYPTCKATO YHHBEPCHTETA

LD' .,\Lc n:.‘f .lI'b(‘C‘M.\\ b,

1865.
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Experimental data

Straight line —
Under assumption that alcohol
and water do not interact

If mixed up

01 02 03 04 05 06 07 08 09
Alcohol fraction by weight (C H.OH/H O)

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019
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Modern Vodka Standart
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'\/

et

HY PEAK AT 46% ALCOHOL? ~

C,H.OH AN_D 3 (H,0)

12X2 +5+16+1

S i e n mm o mm or o mm s o mm s o s mm s mm o x Em s mm ok s mm s s mm s mm  mm s mm ko s omm x s P

3 X (2+16)



_MODERN VIEW ON THE ISSUE

INT'L SCIENTIFIC SEMINAR, MOSCOW STATE UNIVERSITY , 2010
“145-TH ANNIVERSARY OF MENDELEEV'S THESIS * =/

Dt. V. Grlgarieva (Meseow, author of “Vedka: Known and BQE\“ A
UnkAewn™, M., 2010)
> It's incorrect to cite DM as the creator of Russian vodka | B

Prof. D. Shaefer (U. Cincinnati)
» NMR and UV analysis shows just two clustering phenomena: at 1:5

(~20-25% ) and 1:1 (~46%, as in DM’s work)

3k \}.S“'\‘“L\l:}' g
B \;9\1‘:\\2\.‘-.\‘ rHad

» due to hydrogen bonds, balanced by thermal motion 7/:\%
Prof. Masashi Hojo (Kochi University, Japan, author “Sake: \5‘.{@,,

a

Chemistry and Maturation™, "Alcohol Consumption and Health")
» Hydrogen bond strength depends not only on ethanol concentration
but also on impurities/foreign substances
» Consequently, the taste is strongly dependent on them, too
Dr. A.Kalinina (Mescow, Russian Narcology Center)
» Comparative analysis of health effects of vodka, gin, beer, whiskey |
Dis. S.Patsaeva and T.Delenko (Moscow State Univerisity)
» Successfully applied Raman scattering for precise determination of
the ethanol concertation and detail an@of impurities

Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 L Y| o
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=== Why is vodka 40 percent alcohol?

= | T

Text size M

i Why is vodka 40 percent alcohol? Is this arbitrary? No — and the
reasons are linked to the specific properties of alcohol and water. All of them
rather amazingly lead to the “40 percent alcohol by volume” label we know so
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Alcohol in Vodka (% by vol.)
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VISCOSITY - “DRINK WHEN COLD™
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Kinematic viscosity v=pg/p (10’ mzs)
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Alcohol by weight (%)



Freezing temperature (C)

VODKA - ANTIFREEZE

Alcohol by weight (%)



~ . ¥ J ‘l"I)'

HYIO IYTCM CHIGKHBAITI OTTIE Meacty dravn
WLETIOCTPHPNCT PHCYHOK. EC;II! obuem AMITYAL MCHL-
11I¢ KPHTHYECKOTO, TO 110 MEpe HATPEBalHs NPOHCXO-
JAMT KOMACHCAMA, 1 MCHHCK AIIKOCTH, HC PACIVIL -
BASICL, JLOCTHIACT pepxa amiyianl, Ecam obvem amny-
au Sosbie KPHTHHCCKOTO, TO [TO MEPC HApesiimsa
NPOHCXOJIMT HCTIAPCHHC, M MCHHCK, HC paciinm -
ACH, ONYCKACTCH J10 JIHA, ITa TeXHUKa OnIa yAe W3-
peetia, Ee wcenoaszopam Kansap-ae na Tyvp (Ch,
Cagniard de la Tour. 1822), Mapaneii |3]. Mpanken-
reitm (1835), u coppemennnkn Menneneesa (bpyn-

Hep 1 Boawd (1857—1858), dpnon (1859), eMm. cenu-

Hoégg,"Menqeleev and Bologna Academy, Nov 201
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\j, _ DM AND GASES
) TEXTBOOK EQUATIONS Y

e R”BOYLE (1662) AND E. MARIOTTE (1676)

e J. CHARLES(1787) AND J. GAY-LUSSAC (1802)

o AT CONSTANT PRESSURE, T IN KELVIN

* A. AVOGADRO (1811) i Vs

* IN MOLES, UNDER SAME P, T —_

e B.PE. CLAPEYRON (1834)

» B DEPENDS ON GAS

e D. MENDELEEV (1874)

e RIS THE UNIVERSAL GAS CONSTANT (R = 8.314 J/MOLE K)

e HIS OWN DATA T 273.09+T(C)... NOW/ 273 16 /
Viadimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 Cl&B@YFQﬁ Medeleev QQU&H&H
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Lomenese Landa Mendeleev  Kelmegeray
between 1860 and 2008 from the corpus| Russian

0.00250% -

0.00200% -

0.00150% - M

0.00100% -

0.00050%-_1 T %J;zhgc;?ocos-
0.00000% - e —- —— - ﬁ<“§ﬁ3%?§§§§

1860 1880 1900 1920 1940 1960 1980 2000

Viadimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 i



O,

There are three laws for gases: that of Boyle and barriotte,
pwv =const. ; that of Gay Lussac, ¢ = % (1+at); and that ot

const. {@ Dbeimng the molecular

\/‘, DMNATURE, 15 (1877), P.499

|

Ampere and Gerland %?

weight, and 7 the mass). Their ensemble is expressed for all
gases in general by the equation—
(apv = 845 (273 + £) m, |

where @ is the atomic weight (A = 1), p the pressure in kilo-
grams per square metre, z the volume In cubic metres, 7z the
weight in kilograms, ¢ the centigrade temperature. 'L'his is,
however, only a first approximation. In the second member of the
equation there must be additional terms which express a function of
2 and of ¢, very small for the ordinary mean values of 2, and which

Lecome of a sensible magnitude only when p 1s very small or very
oreat. To find this function is a question of the future, and ||

-\ / o 4
Vladimir Shiltsev | Lomonosov, Mendeleev and Bologna Academy, Nov 2019 \ Y ' \ ‘ 1




RUSSIAN PHYSICS NOW:
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APPLIED PHYSICS RESEARCH (29) - SOME 35.000 STAFF

St.Petersburg (8) Tomsk (5)
loffe Phys. Tech. Inst. ) Inst. High Current Electronics
SPDb Institute Nucl.Phys. Ninznii:Novgorod (2) Inst. Atmosphere Optics
Pulkovo Observatory Inst. Applied Physics
m>/ Physics of Microstructures Rossia
Estoma
Latwa
thua'r:a/ x /NEW Hoeo&oupck
Be Iarus M /\
) m Moscow (38) Astana F J
Kurchatov Institute. s \~Novosibirsk (14) -
ke 'JINR (Dubna) Budker Inst Nucl Physics -
i Mo.dova Lebedev Institute | Kazakhstan Inst. Semiconductors
R Landau Theor. Physics InggyHydrodynamics "
?m | Inst. Cosmic Studies .I"InSt'TLhaser PFER’S'?S
Black Sea e . - ’
oaece SRR | ost. Celteral Fnyeics L, A0 a0k TNEMMOTINSIGS \—



s - -~ yvyevewwvewwra
L}

POCCHS @ Ail ST svvovwumn

. Nl A 4 N :

o Ll

=~ a

') |

| 3

’ L}

) b

d

Naypeam Hodeaeackon npesuu ! L}

LA Yepencoo 1904 - 199¢( : : ............ <
1938 Cherenkav, 1962 Landau

Tamm and Fr_an_k Superfluid He theory
Cherenkov radiation

2000 Alferov
Semiconductor laser

viaaimir Snitsev | Lomonosoy, i

2003 Abrikesev, Ginzburg
Theory of superconductors
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Naupeam Hodeaeackod npesuu
M. JL Kanuya 1894 -1984

W W WY

1978 Kaptsa
Superfluid He

1964 Basov, Prokhorev
Laser

2010 Geim, Noveselov
Graphene
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