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DIM : b. 1834 (Tobolsk), d. 1907 (StPetersburg)

1869 1900

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019 9



DIM’S ORIGINAL TABLE FEB. 17, 1869
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HO BB mell, wHbd mamerca, yme acHo pupamaerca npusbuuMocTs BW
CTRBIAEMAT) MHON HATANA EO Becff COBOEYIHOCTH B3ACMEHTOBE, Oaf
KOTOpHXS m3pBerens cw gocropbpmocrio, Ha a1oTh pass a B mexass
npeHMymecTeenno HalaTH ofmymo cHcTeMy sieMeHTOB®. BOTB 2TOTR

OORTE:

H=1
Be=94
B=11
Cm=12
Ne=14
0=186
F=1%

Li=T7 Na~=23

Ti=30

V=51

Cir=52

Mu=55

Fe=56

Ni=Co=059
Cu=634
Mg=24 Zn=65,2

J“-ET.'I =68

Si=28 ?=T0

P==31 As=T5
5=352 Se=T794

Cl=35; Br=80
K=39 Rb=85,
Ca=40 Sre=sT8

Pe=db Ce=192

TEr=56 La=94

Yt=60 Di=95
?in-'?ﬁ,u Th=118%

Zr=90 =150
Nb=904 Tas==132.
Mo="46 W == 156,

Rh=1044 Pt=1974
Ru=1044 lr=198.
Pl=106s, Os=149.
Ag=108 Hg=200.
Cd=112
Ur=116
Su=118
Sh=122
Te=1287
[=127
Cs=133 Ti=204

Au=197?

Bi=210

Ba=137 Pb=20T7.
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IMPORTANT SUBTLETY: MAJOR
DISCOVERY IS PERIODIC LAW, THE
TABLE IS JUST ITS PRESENTATION

* PERIODIC LAW: PERIODIC DEPENDENCE OF
CHEMICAL PROPERTIES OF ELEMENTS ON THEIR
ATOMIC WEIGHT

* PRESENTED: 6 MARCH 1869
* INITIALLY: ONLY 63 ELEMENTS
* PREDICTED AND DISCOVERED:

Ga (1875), Sc (1879), Ge (1885)

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019 11



DISCOVERY OF GALLIUM

1875 - Paul-Emile Lecoq de Boisbaudran — original density measured 4.7 g/cm3,
Mendeleev advised to re-measure — the correct value found was 5.9 g/cm?®

Mendeleev's Actual
Property o _
predictions 1871 propertiesi87s
Atomic weight ~68 69.723
Density 5.9 g/cm?3 5.904 g/cm?
Melting point Low 29.767 °C
Formula of oxide @ M»0O3 Gas03
Density of oxide | 5.5 g/cm? 5.88 g/cm3
Nature of _ _
amphoteric amphoteric

hydrOXIde ability to act either as an acid or a base.

Viadimir Shilfsev | Mendeleev - CERN, Nov 2019 12
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WHY (THE TABLE)?

DISCOVERY OF ELECTRON (1897), PROTON (1913) AND
NEUTRON (1932)

CHEMICAL PROPERTIES EXPLAINED BY QUANTUM
MECHANICS

COMPOSITION OF NUCLEI = BY QUANTUM

CHROMODYNAMICS 19K
120Ca
2N Se p——
27
23V
B 3Li—11 Maf 24Cr
¥ Be—12 25/
5B ——I3A 26 /e
1M 6C ——145 s, |27Ce
2Me_ .. N3P |28 M. ,
S 80 —1S 290 ———47 /9
9 F —l7C W In—HCd

10 Ne——I8 R

33Rs —51 56

34Se 52 Te

358 —53 |

36N 54 79 Au
80 Hy
&N
42 P
83 Bi
8 P
85 -

Niels Bohr’s Table (1922) 48 Em — 118 -




/ \29:Man-Made Synthetic Elements

\ Element

“  Technetium

Promethium

Neptunium
Plutonium
Americium
Curium
Berkelium
Californium
Einsteinium
Fermium
Mendelevium

Nobelium

Rutherfordium

Symbol
Tc
Pm
At
Np
Pu
Am
Cm
Bk
Cf
Es
Fm
Md
No
Lr
Rf

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019

At. No.
43
61
85
Q3
94
95
96
Q7
98
99
100
101
102
103
104

Element
Dubnium
Seaborgium

Bohrium

Meitnerium
Darmstadtium
Roentgenium

Copernicium

Flerovium

Moscovium

Tenessine

Oganesson

Symbol
Db
S9
Bh
Hs
Mt
Ds
Rg
Cn
Nh
Fl
Ms
Lv
Ts
Og

N

At. No.
105
106
107
108
109
110
111
112
113
114
115
116
117
118

26 in red — accelerator bombardment

L

7
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~ \__ 3 —in blue —irradiation/bomb produc’rsldl4



lon source
Produces & trillion beam

HOW NEW ELEMENTs | = | DL Sorpplee (s | | [~ S50
g Electrostatic deflector

GET DISCOVERED NOW I
(E.G.INDUBNA) 2l Magnet coil

Bends particles into a
spiral path as they accelerate
inside the cyclotron.

Vacuum chamber

Neon (10) = Uranium (92) = Nobelium (102)...or
Calcium (20) = Californium (98) = Oganesson (118)

4 Detected

superheavy
atom

Detector

§ ¥ : Superheavy atom
; ’ £ Walkway /

r"; 3

e

Creation, separation, and detection
The beam is split and redirected toward the target, \
separator, and detector in another room (right). Target atom

Separaled. b

particles *




THE TAB}ZE &\Ac{:ELERATORs

1951 Nobel Prize for discovery of
transuranic elements (Seaborg, McMillan) -

Lr

{2 53} Lawrenciam Rutherfordium
634.87 1.30 R 814267 7l [hin] 56 1o

I AcEin hdes P L Tranzltion Matals

+3
+2 -y ]
M d Seaborgium Bohrium

[Rr] 56 =757 [An S5 757
Mendelevium

k_'F:-‘unil,iun Mi‘thJ k_'Fr\.‘lu'.il,iun Metaly
2 1 s !
[Rn] 75 5f1 114 28T i

Actinide FI Og

Fleravium Qganesson

N
I 54507270 Ernest Lawrence
Vladimir Shiltsev | Mendeleev - CERN, Nov WSt i L
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/A \/A/‘LSO AT ACCELERATORS:

ELEMENTS TO THE HIGHEST ENERGIES <

At RHIC upto 0.1 TeV/n
Variety of accelerated

and collider ions: H, Al,
Cu, Av Uam

Mational Lab ! FHIC-STAR Collabaration

okhaven

Brao

At the LHC upto 2.76 TeV /n
Providing the world’s highest

energy collisions of elements

from the periodic table :
H, Xe, Pb, soon O...

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019



ANOTHER TABLE :

STANDARD MODEL OF PARTICLE PHYSICS

Vlac

mass —

charge -

=2.3 MeV/c?

213 u

spin - 1/2 : 4

=

up

=4.8 MeV/c?

-1/3 d

—

down
0.511 MeV/c?

1/2

electron

<2.2 eV/c?

12

electron
neutrino

. @&

=1.275 GeV/c?

1/2

charm

=95 MeV/c?

1/2

i

strange

105.7 MeV/c?

-1
1/2 I 4

muon

<0.17 MeV/c?

0
12 L |-1

muon
neutrino

2/3 C

-1/3 S

=173.07 GeV/c?
2/3 t
1/2

top

=4.18 GeV/c?

/3 b
1/2 N

bottom
1.777 GeV/c?

1

tau

<15.5 MeV/c?

12

tau
neutrino

_

1/2 [

0 =126 GeV/c?
” ) H
1 0
Higgs
gluon bo%gn
0
0
1
photon
91.2 GeV/c?
0
1
Z boson
80.4 GeV/c?
+1
1 o
W boson




NOW AT #118 - IS THERE AN END ? 172

@ United States @ Germany @ Hypothetical
@ Russia ® Jzpan -

@ Russia and United States (independently) B

13

Al

31

Cu Ga

49
In
81

Tl

105 106 107 108 109 10 m 114 15 116

18
Db '1Sg Bh Hs | Mt Ds  Rg Cn Nh Fl Mc|Lv|Ts |Og

67 69 70
Pm S| £ [Ga | Tb |y [ Ho | & [Tm | Yo | L

102 103

U Np PuAmCmBkaEs FdeNo Lr

Calculations by chemist Pekka Pyykka of the Univ;arsity of Helsinki



TWO PROBLEMS FOR TOO MANY PROTONS

#1: too many

protons =2
electrons get
closer and
enter the
inner nucleus
- protons
and electrons
fuse into
neutrons 2
can NOT get
more than
172 protons
at once !

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019

neutron

#2: too many
protons 2
very strong
repulsive
forces 2
nucleus
quickly
breaks out 2
hard to
survive even

 for 10714 g !

20



MENDELEEV IS AN ILLUSTRATIVE EXAMPLE\ OF
N GENIUS, TEHUW, GENIE, GENIO

-/

= A GENIUS IS A PERSON WHO DISPLAYS EXCEPTIONAL
INTELLECTUAL ABILITY, CREATIVE PRODUCTIVITY,
UNIVERSALITY IN GENRES OR ORIGINALITY, TYPICALLY TO
A DEGREE THAT IS ASSOCIATED WITH THE ACHIEVEMENT OF
NEW ADVANCES IN A DOMAIN OF KNOWLEDGE

* THE NOUN IS RELATED TO THE LATIN VERB GENUI,
GENITUS, "'TO BRING INTO BEING, CREATE, PRODUCE".

* CLOSE: GENESIS AND GENE

e FROM PROTO-INDO-EUROPEAN *GWEN

* IN RUSSIAN, OF THE SAME, RO\C&T — MXEHA (WIFE) _

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019


https://en.wikipedia.org/wiki/Originality
https://en.wikipedia.org/wiki/Latin_conjugation
https://en.wikipedia.org/wiki/Proto-Indo-European_language
https://en.wiktionary.org/wiki/Reconstruction:Proto-Indo-European/g%CA%B7%E1%B8%97n

Figure 1 By playing “chemical solitaire” on long train rides, Mendeleev organized the
elements according to their properties.




N—
“MENDELEEV'S ©
DREAM”

(INVENTION OF PERIODIC TABLE)

In memoirs of Prof.
A.Inostrantsev (1843-
1919), geologist, friend

* Widely spread by media

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

* DIM himself never

confirmed or denied...
e commented that it took

him 20 yrs of thinking = O ening “Mendeleev’s Dream™ monument in St.Petersburg (2017) /

L W Y | - . y



Foundq.ﬁons of Chemistry (1869) i IN REALITY\/
0CHOBEL ; ST

lLi Be B CN O F NaMgAISiPBC]I
K Ca Ti V OrMn Fa Co Mi Cu Zn — ——AsSo'Br!
Rb 8¢ Yt Zr Nb Mo — Ru Rh Pd Ag Cd In SnSb Toe I
Os BaDi? O — — — . — ——
— — ELa?Ta W — Os Ir Pt Au Hg Tl PhBi — —
4= — — ‘Th u = e e =

CD- J\’Ltu)emaﬁm.

Tpma VL {aspenapy . [)

R'0'w RO

nroegccora . Cok, YUNBEPERATETA,

e i N O+ e

srexpuront J Menszawnens

YACTh NIEPBA4,

THEMIAS

¢h 151-MF HDOJAHTHIANOME.

\ /

C-ITETEPBYFPIVE.

185680.

Published in Part 2 of “Foundations of Chemistry” (1871)

Mendeleev’s “System of Elements” in short form
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. DM “COMPLETE WORKS”

Volume I. Ph.D. and Master thesis (3 articles). \/
Volume Il. Periodic law (7).

Volume lll. 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. Qil (36).

Volume XI. Fuel (40).

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

Volume XIIl. “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 XVIIl. Economic work. Volume | (74).

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

Volume XX. Economic work. Volume Il (82). ~/
Volume XXI. Economic work. Volume |V (84).
Volume XXII. Metrological work (86). =

Volume XXIIl. Public education and higher education (923).

Volume XXIV_Articles and materials on general issues (96). }
Volume XXV. Supplémentary Materials (98). —« o



- MENDELEEV INTERESTS |

Il Organic chemistry

/

Ofume couWanLHo-

IKOHDMWYBCKEWR
EOR sl
D

-

Solutions '

a(ﬂ., 1984.

I
' Periodic law,

pedagogy

v
Gases,
liquids

Vil

Bio-med,

agriculture
L

./

Vv

Dpr e TRk il = II S T

bLLEOTD X

Metrology

BHER APOMBILTEHHOCTE

P.6.AobpoTuH, H.I.Kapnuno, J1.C.Keposa, A.H.TpndpoHOB.

JleTonuce *un3Hu n peatenbHoctun A.M.MeHaenees

\ . 4
Vladimir Shiltsev | Mendeleev - CERN, Nov 2019 S°| Id S"'Clte, g |CISS, metd | lurgy d )6



\/ ““MENDELEEV’S STORIES

* 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 5

* MENDELEEV AND LOMONOQOSOV N’

ol * “WHAT KIND OF ACADEMY WE NEED"/~ (NON-ELECTION AND_EAME) /

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019 & 4 '
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JQFGLAR MYTHS ABOUT VODKA

1 * “INVENTED BY DMITRII MENDELEEV™ 1

—

* “IDEAL RECIPE ESTABLISHED BY MENDELEEV DUE
MANY UNIQUE PROPERTIES OF 40 % ALCOHOL":

* BURSTS INTO FLAME

* DOES NOT FREEZE

ULTRA PURE PRODUCT

FAT DROWNS IN VODKA

EVAPORATES BUT AS FAST AS WATER

FROM GRAIN ONLY =

MINIMAL HANGOVER

... AND MANY OTHER FASCINATING FEATURES ATTRIBUTED |
o \_/ \ e .h /

j -

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019



“The solution is Jesiutic”’

“Un-Real History” (TNT channel)

: ”—""\E b-\é.‘__ i -f{z i _\I

- b Addd
= -

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019



VODKA STANDARDS

ee ;, the greatest s:u::irlan;1 L
Tsar to create the Imperiil

rom the Russian Stc.
we have created the

5

in being celebrated thron|

'y I -
iansta dardvod

Mendeleev is often cited as “‘father of
Russian vodka™
» Interpretation of his 1865 PhD thesis
» DIM was on the State Commission on
Tariffs in 1890-1900’s (incl. alcohol
standards and monopoly)
O Initiated by Tzar Alexander llI
o Implem’d by S.Witte 1895-1904

o Out of concerns of health and $$
o 25-30% of budget income (!) =

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019

Others make vodka,
we make

RUSSIAN
STANDARD

 VODKA AS IT SHOULD BE )

Our vodka is the only vodka
that’s made to Mendeleev's 1894
recipe, originally crafted for the
Tsar. It's one of the things that
makes Russian Standard the only
100% Russian premium yvodka.




PHD THESIS (1865)

On Compounds of Alcohol with Water

< alcohol C,H,OH in water:
> Temperq’rure control dT~ 0.02°C, new
me'rhod to get record pure 99.99% ethyl PASOYEIEHIE
alcohol, took into account air weight and
air pressure, precise calibration of P and
B e on. 0 COEAMHEHH CNHPTA Cb BOAOH,
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

IPEL TABIEHHOE B OH3HEOMATEMATHUYECKIL ®AKYALTETT
I, C.HETEPBYPTUKATO YHHBEPCHTETA

VV VY

A Meadeanebuus,

AAd NOAYHEHIA cTENEHN AOETOp®R XM

1.1 [cm—cie—o0—un)

(=—1 (C2HQ + 12H20|

CHs CH: CHa CHs

|, | | . C2H®O + 3H®0

CH2 CH:2 CH:2 CHa

CARRTHETEFEYFITR.

{!1—1.; {!:—uu-- rlr—u ilr—H 3C2HGO _I__ H20 bocic Tonape meesennan o

1865,
H—0—H 42 H—0—H = v

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019
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1.00

| ' | ' | ' | ! | ' | ! I ' | ! |
i 0.98 -
S Experimental data
T 096 F o
— 5
= 0.94 - -
D N
O 092 | _
i
m -
e 0.90 |- =
= 0.88 - -
_g !
%‘ 0.86 - Straight line — " -
>, 0.84 | Under assumption that alcohol
H o
‘D g and water do not interact
5 L If mixed up
A o080
] I l 1 l l 1 | I ] 1 | ] 1 |

00 01 02 03 04 05 06 07 08 09 10
Alcohol fraction by weight (C H.OH/H,O)

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019 33



"Extra" density of the mix at 60°F (g/cm:’)

0.020

0.018
0.016

0.014

0.012

0.010 -
0.008 |
0.006 "
0.004 |

0.002

- ? ] L | 1 l Eu ] 1 |
0.0

0.000

Modern Vodka Standart

(40% by volume = 34% by weight)
T T T — T T

io’ﬁ
®

Maximum contraction

c? (53% by vol. = 46% by weight)
XL . %
N .’ | O ’0
y— | 3 0.
+ 5 s
o L 2
¢ .
& T .
Ll ® - ol
3 z SR
| * -] :E *
@ = ‘l‘ G
¢ 9 ¢
L
o

] 1 | I ]

] 1 |

0.1 02 03 04 05

0.6 07908 09 1.0
™M

Alcohol fraction by weight (C H.OH/H,0O)

Vladimir Shiltsev | Mendeleev - CERN, Nov 2019
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J%HY PEAK AT 46% ALCOHOL? -~

......................................

CHOHAND3(H O)

12X2+5+16+1 3 X (2+16)

S o e e s mm s mm s Em s Em s Em s Em s Em s Em s Em s Em s Em s Em s mm s mm s mm s mmor mmor mmor ommox ommoa = N . e o L - e 0 L T Wely 00



' \_MODERN VIEW ON THE ISSUE =~

£ INT’L SCIENTIFIC SEMINAR, MOSCOW STATE UNIVERSITY , 2010

“145-TH ANNIVERSARY OF MENDELEEV’S THESIS “ -)
Dr. V. Grigorieva (Moscow, author of ““Vodka: Known and EQ'}],F\ A

Unknown”, M., 2010)
» It's incorrect to cite DM as the creator of Russian vodka
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)
» due to hydrogen bonds, balanced by thermal motion
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Prof. Masashi Hojo (Kochi University, Japan, author “‘Sake:
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 (Moscow, Russian Narcology Center)
» Comparative analysis of health effects of vodka, gin, beer, whiskey
Drs. S.Patsaeva and T.Dolenko (Moscow State University)
» Successfully applied Raman scattering for precise determination of

the ethanol concertation and detail an@ of impurities
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———=== Why is vodka 40 percent alcohol?
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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 alecohol by volume” label we know so

well.
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“STRENGTH LOSS IN TIME”
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DC Es‘%DKA CATCH FIRE AND BURN 2




VISCOSITY - “DRINK WHEN COLD"
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Freezing temperature (C)

VODKA - ANTIFREEZE
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~ MENDELEEV EXPERIMENTS IN
HEIDELBERG (1859-1861)
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Pressure (atm)

/, \/§UPERCRITICAL FLUIDS

10 Solid

5.2 atm
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imm .

Critical
Point

Temperature (°C) =

Properties of liquid phase, gas phase, and

supercritical fluid (SCF)

)

Liquid SCF Gas
Density (glem’) 1 0.1-1 107
Viscosity (Pa-s) 107 10* - 10" 10°

[ Diffuswity (om7s) | 107 10° T

Substance Critical temperature Critical pressure /
K C Pa atm
Water 647.4 374.3 22.12105 219.0
Sulfur dioxide 430.7 157.6 7.8810% 78.0
Ammonia 405.5 1324 11.28106 1117
Carbon dioxide 304.2 311 7.3910° 73.2 ]
Oxygen 154.8 -118.4 5.0810% 503
Nitrogen 126.2 -146.9 3.3910% 336
Hydrogen 33.3 -239.9 1.3010 129
Helium 5.3 -267.9 0.229108 2.27

Decaffeinate coffee beans by S.Crit. CO,
= - ;

Also - cocea butter fr% cocoa beans, soybearnedl from so)‘eeqns, essential oils froms|

Zosel, 1963
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HEIDELBERG MENTORS:
BUNSEN & ERLENMEYER

Bunsen burner
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RUSSIAN STUDENTS IN HEIDELBERG

1859-1861 ALEXANDER BORODIN

“PRINCE IGOR” OPERA
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PARENTS (& 10 BROTHERS AND SISTERS)
.'\&'/Mdriq (1793-1850) lvan (1783-1847) | N/
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| "  TOBOLSK NOWADAYS |
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MENDELEEV’S FAMILY ~—_
(1834-1907)

Vladimir (1865-1898) Olga (1868-1950) —/
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Gestore di cani

Ufficiale della Marina

m. 1882
*10,000R  |yyba lvan Maria Vasily

1881-1939 1883-1936 1886-1952 1886-1922

LA

. e’

Attrice Matematico Gestore di cani  Ingegnere |
Anna Popova (1860-1942) - ATinUSSR ™~ erpatol //
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I % Nowauntifl
Lyuba Mendeleeva & Alexander Blok, m.1903.

...BX0xy 4 8 memHble xpamol,
Coesepwaro 6e0Hblii 0bpsao.
Tam x»cOy a lNpekpacHol Jamel

«Poesie su una bella signora» - 129 (1) [1901-1902] D L L SR
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https://books.google.com/ngrams

Google Books Ngram Viewer
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\/ ", MENDELEEV'S FAME |

* <THE PERIODIC TABLE OF ELEMENTS T

* NON-ELECTION TO THE RUSSIAN ACADEMY
OF SCIENCES IN 1880

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

* BROAD SPECTRUM OF
INTERESTS AND PUBLICATIONS
(25 VOLUMES)
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JANK YOU FOR YOUR KIND ATTENTION

T

reading:
din, “A Well-Ordered Thing” (Princeton P. Press) .

ev, “Dmitrii Mendeleev and the Science of Vodka”, Physics Today, .2019
ev, “On the Nature of Genius” (Chamonix, 2012) arxiv:1205.1787





