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There are four stable compounds that consist solely of carbon and oxygen.

How many can you name?
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~ WIF is Mellitic Anhydride?

h s o ¥0)
hydration A -
o, O
. ‘\\\ /(
dehydration oA To
e \\\})/A (/)/r
Mellitic Acid Mellitic Anhydride
HC_.O C.O

6 12 12 2 125 9



Bergmaniifdes Joutnal.

Smet)fctl Jabrgang.

Crjter Band.

Sjnautgcgcﬁm

voR

Alexander Willhels Kdpler,
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€hrenmitglied,

——————————————————
Frepberg,
dn Bder Crojifchen Buchfandlu
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Hoffmann, C.A. S.; Werner, A. G. Mineralsystem des herrn Inspektor Werners mit q_egssen Erlaubnis herausgegeben von C.A.S. Hoffmann
(as Honigstein). Bergménn. J. 1789, 2, 369-390.
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guten orpftognoftifhen Handbuds
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_talfyftems ftdrfer und aligemeiner empfunden,
alg eben gegenmwdrtig, da dag Studjum der Mines

talogfe, diefes vor nidyt langer Seit nod) fo wenig

bearbeiteten beils ber Naturgefchidyre, mit 6
regem Gife;‘getrieben witd. Jwar haben wir eine
Menge, mineralogifdyer Kompendien und Mines

- talfpftene, und faft jede Meffe bringt unsg ein obet

inefrere neue.  Aber ungeadytet des grofen Auf:
bebens, bas unfere litterarifdyen Herofde von einis
gen gleid) bey ibrer Erfcheinung madyten,, files
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© ¢ing Fléine Beit lang frre gefithre werden fonnte,

aber dody enblichy von feiner Tdfdung wieder zu-
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menbeten berfelben, ja von ein dder dem anbern
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This article about an aromatic compound is a stub. You can help
Q Wikipedia by expanding it.
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This article about an aromatic compound is a stub. You can help
Q Wikipedia by expanding it.
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 WTF is Mellite?

IX. Analyfis of the Honey-flone, or Mellite. By
C. VAUQUELIN ¥,

TH E analyfes of this-ftone given by Abich and Lampa-
dins are well known. The former obtained from 1co parts
of it, 16 of carbonat of alumine, 4 of carbon, 3 of the oxide
of iron, 40 of carbonic acid, 28 of the water of cryftallifation
having the fmell of bitter almonds, and 5°5 of naphtha.

The laster had for refult 86-4 of carbon +, 35 of petro-
feum, 2 of filex, and 3 of the water of cryftallifation ; which
makes an enormous ditference.

Mr. Abich, confidering the incombuftibility of the mel-
lite, propofes to remove it from the clafs of cpmbuftibles,
and to place it in that of the incombuftibles. But Profeflor

Klaproth, whofe labours are entitled to the greateft confi-
dence, informed me feveral months ago that he found this

wales de Chimie, Wo. 107,

4+ If M. Lampadius operat=d on the fame fub s that which M,
Abich and I analyled, it is impofiible that he fhould have oltained 86-4 of
carben ; for, in 4o of carbonic acid and 4 of carbon, ebrained bv M. Abich,
there was not a fufficiency to forin $6 of carbon 5 and as it appears from
my analyds that there is nor more than <5 per cent. of iid in houney-
flone, it is evident that 86 of carbon cannot be extradled fromit. M. Lam-
p.u{ius therefore muft have operated in another manner, or did not emplny
heat fufficient to analyfe the acid, if the fubRance he analyfed was really
honey-ftone.
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This article about an aromatic compound is a stub

Wikipedia by expanding it.

. You can help

Vauquelin, C. 1X. Analysis of the Honey-Stone, or Mellite. Philos. Mag. 1801, 8, 329 https://doi.ora/10.1080/14786440108562654.
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; This article about an aromatic compound is a stub. You can help
: : ® Wikipedia by expanding it.

Mellite Facts:
21wt C
occurs w/ lignite
incombuftible
only known

aromatic mineral
pyroelectric

Giacovazzo,C.*Menchetti, S.; Scordari, F. The Crystal Structure of Mellite. Acta Cryst. 1973, 29, 26-31.
Jobbins, E. A.; Sergeant, G. A,; Young, B. R. X-ray and other data for mellite. Mineral. Mag. 1965, 35, 542-544.
Barth, Tom. F. W.; Ksanda, C. J. Crystallographic Data on Mellite. Am. Mineral. 1933, 18, 8—13.

L] L]
O: l p lezo elec trlc Palache, C.; Berman, H.; Frondel, C. Dana’s System of Mineralogy, 7th ed. 1951, v. II, 1104-1105.






Carbon Oxidation States 101
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Carbon Oxidation States 101
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Mellitic Anhydride
Thermodynamics

“[f)’ oK wan: Modern

something done right, Physical Organic
Chemistry

d 0 Z.t yo% ]/' Se {f: = Eric V. Anslyn / Dennis A. Dougherty

Group
CHO}(C):
CHOR(O)H)

Col

CACHH)

GO O-(Ca(H)

C{C(H) CLCONC)

A

CeACo: CCO)NC)(H): 0
Co-(H) CCO)H); -1008
GAQ) 5 G-(CO) 97
G(Ca) 5 CO-0)

G(Co) CO-(C)(H)
C-CIO)H):

C(Cah(H); o)
CHCH(Ca)(H)2 CO-N)(H)
CHCOH CO-(Ca)(H)

C-CC(H 8 CO-(0)(C)

CHC()a(H) X CO-O)H)

CHC(O)s CO-(0)(C) N-CO)C):
CCH(C)s 2 CO-O)(Ca) N-(CO)Ca(H)
C-0)O)s COLCa(H) C
CHO)O)(H) 0-(CO)C)

CHONOH): . 0-(CONH)

CO)(H)s C4CONQ)

CO)(Cy)(H): 1 CACONH)

afy 6= (126358 + 3
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Mellitic Anhydride Energy
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Carbon consumption circumscribes contemporary civilization

%,
gy
I \
Batteries Solar Panels Aviation
(phosphorus) (silicon) (titanium) Shibs
Buildings
(iron, aluminum)
Fertilizers Computers Bioimplants
(phosphorus) (silicon) (titanium) S ;‘. -
..... \

Metall. Mater. Trans. B 2020, 51, 1315.
J. Sus. Metall. 2021, 7, 848.
Chem. Soc. Rev. 2021, 50, 87.



Carbon Oxide Effluents

(without the greenhouse gases)

[

oxygen-flux
reactor

——> UF + 3 o, LM 295, ¢ B

——> GFet H5¢0, AH> - HY 3.1 k3,
H45C + 450, Al ¢ 1763 L
<, 0, A H = —70%8 “J/A-—l

& Fe r C,04 LH= -7¢3.) o



Carbon Oxide Effluents

(without the greenhouse gases)

lithification
reactor



Mellitates for Carbon
Mineralization

Carbonate Energy Demand of Carbon Sequestration
CO32'
oxidation state: +4
10-15 wt% C Na2Cco3 |

(Solvay)

B actual process [ theoretical limit

Oxalate (chioraksit
2- 3 >
C,0,

oxidation state: +3

oxalate §

Process

mellitic §
anhydride

Mellitic Anhydride \ 4 DAC 220
C,.O |

. . 1279 0 2000 4000 6000
oxidation state: +1.5 J. Chem. Inf, Model. 2007, 47, 905.

Clean Technol. Environ. Pol. 2016, 18, 1123. kWh / tcoz
(0] Ind. Eng. Chem. Res. 2019, 58, 3450. ener
21-50 wt% C ACS Energy Lett. 2021, 6, 3563. ay ( )

Ind. Eng. Chem. Res. 2022, 61, 14837.

16-20 wt% C




Applications of Mellite
PVfOBIBG’[fiCS

ielectri B '
Diaciic \ Absence of a center of
- \ symmetry in the crystal structure
Ptezoelectnc \
\\
\ | | Electric charge generation when
Eapolectic \.\ ,| subjected to heat




Applications of Mellite

Ar

Zr Pendent co-Polyimide

r(adsp)(dsp) =



Applications of Mellite

|

Cut and polished mellite gemstone
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Architectures for
New Chemical
Flow Reactors

§ reaction flow equals cash flow




The Parable of the Bagel -

3x size

10x cost
50x rate

148 half-bagels ) 2400 half-bagels
per hour ' . per hour



Every Chemical Reactor Ever:

Uniformly
) ' mixed

CIXAN
o Uniformly
el Product l
I eacto
Batch reactor Continuous stirred tank reactor ugf(l;:é r

(CSTR)



Big Reactors = Flow Reactors

doneinbatch: ™ Csemi-batel) ----~ done in flow:

Purge Gas to
power generation

Hot NH; mixture

Ammonia
Reactor




Big Reactors =

hatch reactors:

o |ower GAPEX (at small scale)
e higher OPEX (labor costs)
e reacet to completion’

“bespoke”
(14 ' 7
artisanal

“lab-scale”

Flow Reactors

flow reactors:

e higher CAPEX
o lower OPEX
e steady-stateTeaction

“mass-produced”
(14 7
automated

“process-scale”



Not Your Grandma’s ChemistrieS'

MECRANOCHEMISTRY :
@ PHOTOCHEMISTRY

ONO[H EMTSTRY IO[H EMISTRY
- MAGN FTOCHEMISTRY g MA CHEMISTRY RADIOCHEMISTRY

LLECTROCHEMTSTRY



Not Your Grandma’s Chemistries:

SONOCHEMISTRY

Silicon hydrides decompose in collapsing microbubbles
The high enthalpy of formation of silanes promotes decomposition and polymerization
in ultrasound-driven cavitational collapse.

Alkanes versus silanes

Pentane C.H

oy
,’

Pentasilane Si.H,,

JI
g

The electronegativity of C vs. Si
leads to polarization inversion:
e.g., pentasilane is characterized
by high electron density (yellow)
at the exterior of the molecule.

Ultrasonic silane reactions

Ultrasound

Sinanoparticles Si-polymer ink

Ultraviolet
light

D e[| ——

Clear solution

Ultrasound drives bubble formation,
growth, and collapse in liquid silane
mixture, where the silane is subject to
transient hot spots with temperatures
>1000 K and pressures >100 bar.

Higher silane Hydrogenated
amorphous silicon

Colored solutions

The ultrafast decomposition
kinetics of silanes give rise to Si
radicals, nanoparticles, and
polymers, which can be further
polymerized by ultraviolet light.

Science 2018, 360, 489.



Not Your Grandma’s Chemistries:
MECHANOQCREMISTRY - - - ‘

ACS Macro Lett. 2014, 3, 305.



Bagcllfylng the Ball Mlll

MECHANOCHEMISTRY




Flow Mechanochemistry

MECRANOCHEMTSTRY

Antioxidant
blend

? Delignification

Continuous flow mechanochemistry: reactive M) Check for updates
extrusion as an enabling technology in organic
synthesis

(® Author affiliations

Abstract
Molecules 2022, 27 (2), 449.

Répidan b ablished rnechanoctf:n;‘ . ustainable h.t.t S: dOl .or 1@' 339@ mOleCUleSZ7920449

or highly

g Chem. Soc. Rev. 2022, 51 (11), 4243.

nain. This tutorial re

xtrusion, using twin-screw extrusion. https://doi.org/10.1039/D1CSOO657F



https://doi.org/10.3390/molecules27020449
https://doi.org/10.3390/molecules27020449
https://doi.org/10.1039/D1CS00657F
https://doi.org/10.1039/D1CS00657F

Flow Plasma Chemistry

Iron Ore
Feed

Sponge Iron

Cooler

Sponge
Iron

Plasma Jet Nozzle Steel Shell

Thermal Insulator
Hydrogen Plasma

PLASMA CHEMISTRY Ceramic Liner

Figure. 1 Proposed The H-Plasma Rotary Kiln Furnace Reactor.

Plasma generator
Insulator

Concept: John Kopasz,
Argonne National Lab

Steel shell

e Q) Argonne fa Jen Shafer

NATIONAL LABORATORY

Current design New design with in-flight model



Flow Photochemistry

PHOTOCHEMISTRY

020
A O

N Cc S



Ovens to Conveyors

Metrics

* space velocity
* reaction rate
% catalyst

ductivit
o @@QQ @ @@ 0 * gfr?gllelfpz;g
f g’ conversion
| ¥

"cross-cutting chemlcpl engineeri




CATALCHEM-E

NEW CATALYS
FASTING PROCEDS AR(HHEUURE

‘ FASTING CATALYSTS

NEW PROCESS ARCRITECTURE

b
A1

Cory Phillips
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Not Every Springer
Textbook is Boring

.] when I returned from the sabbatical at Tokyo Institute of Technology
in 1989 we decided to build a second, larger gun to conduct time-resolved
measurements of shock synthesis [...] If observed, it would be deﬁ&
evidence of the reaction speed, which is comparable to the detonation wave
speed in high explosives. The possibility'of condensed phase detonation
was an exciting and titillating news to the SECM community. They saw the
possibility of a new class of energetic materials that are ordinarily inegtibut
when combined with other material§, and under high-pressure shock
compression, release energy fast. The behavior resembles that of high
explosives and pyrotechnic materials, and like high explosives, the reaction
was thought to be controlled by high-pressure shock waves. Thus,

for
the new class of energetic materials to emphasize the new features

. The Greek prefix

Shock Wave and High Pressure Phenomena

Yasuyuki Horie

My Journey
with Shock
Waves

@ Springer

Horie, Y. Shock Wave Synthesis and Modeling. In My
Journey with Shock Waves; Horie, Y., Ed.; Shock Wave
and High Pressure Phenomena; Springer Nature:
Singapore, 2022; pp 81-103.


https://doi.org/10.1007/978-981-19-3712-5_7
https://doi.org/10.1007/978-981-19-3712-5_7

What are Ballotechnics?

% ultrafast shock-induced
reaction
> P ~10! Pa
> t~10%sec
< exothermic »
> AH ~ -1000 J/¢g (8% &)
< non-redox chemistry
> Ni© + AlO — NiAl

Horie, Y. Time-Resolved Measurements and Model Analyses. In My Journey with Shock Waves; 2022.

king Plate

Q

=
m
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N
by
=)
o

7.8m




Why arc BallOteChnics?

SMARTER EVERY BAY

Inside plasma

) Front outside plasma

Rear outside plasma

144 9
electron avalanche
o SMARTER EVERY DAX Tribol. Lett. 2017, 66, 10.



Why are Ballotechnics?

CRYSTALLITE SIZE

PARTICLE SIZE

CRYSTALLITE SIZE \

PARTICLE SIZE \/
DEFECT CONCENTRATION —/—
POINT DEFECT ANNEALING —— J

LINE DEFECT ANNEALING — _/

SURFACE CHEMISTRY 7~

>
E
=
-
(&)
<
w
o«
w
=
<
-
(7]
8
-
o}
7]

SURFACE CHEMISTRY 7~

NATIONAL MATERIALS ADVISORY BOARD (NAS-NAE)
SHOCK PRESSURE (TEMPERATURE) Shock Compression Chemistry 'in Materiqls Synthesis and
Processing, Washington DC, 1984.
Effect of shock compression in powders. httDS//aDDSdtICmll/StI/CItatIOHS/ADA1 73995

FIGURE 3-1.



https://apps.dtic.mil/sti/citations/ADA173995

Applications of Ballotechnics
energy storage?

NiAI3

NiSi2

500 1000
energy density (3/9)

AIP Conf. Proc. 2006, 845, 1153.



Applications of Ballotechnics

»
Probably
— not.

coal

gasoline

hydrogen

0 50000 100000

energy density (J/g) AIP Conf. Proc. 2006, 845, 1153.
Mater. Sci. Technol. 2015, 317, 1223.




Applications of Tribology

high-entropy material synthesisé

*

solid solution Single-Phase Solid Solution
ordered solid solution ‘ Multiphase

intermediate phase ° Amorphous

bulk metallic glasses

(kJ/mol)

mix

K

10 12 14 16 18 20 22
Delta
Fig. 2

. Relationship between Dklhl and AH,ix for MHAs and typical multicomponent
bulk metallic glasses

Mater. Trans. 2005, 46, 2817.
doi:10.2320/matertrans.46.2817
5,7- QlJ%’])(NOTE E . SY ; id s
tion” indicates the allm/ Lonhmzs O)Ill/ solid solution, “ordered solid solution” indicates

Mater. Today 2016, 19 (6), 349-362.
minor ordered solid solution precipitate besides solid solution, and “intermediate - doi:10.1016/j.mattod.2015.11.0826
phase” indicates there is precipitation of intermediate phases like intermetallics in % Y i _

HEAs. Red sign represents the alloys designed to verify the phase formation rules for 5% = ¢ i = T— Adv. Eng Mater. 2008' 10 (6)' 534-538.
multi-component HEAs)

doi:10.1002/adem.200700240



https://www.jstage.jst.go.jp/article/matertrans/46/12/46_12_2817/_article
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1002/adem.200700240
https://doi.org/10.1002/adem.200700240

Applications of Tribology

high-entropy material synthesisé

g_ TnlOws
. . N7
maximize
this unitless
ASpir = —R;q In ¢;

parameter

N
AHmSJ- — Z 4A1{;;72;.C;Cj

i=1,i#j

Mater. Trans. 2005, 46, 2817.
doi:10.2320/matertrans.46.2817
Mater. Today 2016, 19 (6), 349—362.
doi:10.1016/7j.mattod.2015.11.026
Adv. Eng. Mater. 2008, 10 (6), 534—-538.
doi:10.1002/adem. 200700240



https://www.jstage.jst.go.jp/article/matertrans/46/12/46_12_2817/_article
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1016/j.mattod.2015.11.026
https://doi.org/10.1002/adem.200700240
https://doi.org/10.1002/adem.200700240

Applications of Tribology

high-entropy material synthesisé
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APPLIED PHYSICS LABORATORY

Concept: Corey Oses et al., JHU APL



Proven Computational Methods

CHULL: stability

meV /atom)

T A

2-nary

POCC: synthesizability

gie_(Hi—HGS)/kBT

'z

— Ez gie_(Hi_HGS)/kBT

EFA (N) = {o [spectrum (H; (N))]p_o} "

C Concept: Corey Oses et al., JHU APL

|disorder) ~ Pj |ordered;) + P» |ordereds) + Ps |ordereds) + . ..

confs / meV

MoNbTaVWC,
HO
P | HiNbTaTiZrC,
‘ ',;" \
| HINDTaTiVC,
_LJ.JMHH i
9 | NbTaTiVWC,
| HINDTaTIWC,
7 ¢
/ H\
Il Luu by | ] T
| HTaTiWZrC,
| HiMoTaWZrC,

In

/m\wcmwzrcs

Nﬂcs

0 10 20 30 40 50 60 70 80 90 100 110
energy (meV/atom)




ctivated







»

BN\ \\

demand / million troy oz

Solar’s Silver Lininc

Global Silver Demand, 2014-2023

B total demand
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Global Silver Demand, 2014-2023

B mvestment [l silverware [ jewelry [l photography WM industral
1250
1000 I I I
750 . . . I . . ||

l

250

demand / million troy oz

BN\ \\

The Silver Institute. World Silver Survey

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 > D, it K
. ~ 7 2023.
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BN\ \\

B photovoltaics, electronics, brazing, alloys, solders, etc.

demand / million troy oz

Solar’s Silver Lininc

=

Industrial Silver Demand, 2014-2023
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/ The iI\@r Institute. World Silver Survey 2023..



Industrial Silver Demand, 2014-2023
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Global Silver Demand, 2014-2023
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Cell: Process — metallization trends // VBMA

Trend: remaining Silver (M10 cell front + rear) Trend: remaining Silver mg/W t/GW (avg.)

200 30 i

i % [TRPV
§160 S %‘ e S
§ 120 . = & S A .
g0 \i\\r\ e & b - _§ @ B
2 | - ] -
g 80 % 10 - . .
: O——e— 3 \ } $ ° A & .

60 = — - A A
E B e = | § 5

40 E March 8 2024: 788.66 US$/kg*

- § - =~ 0.94 $cent/ W cell

2023 2024 2026 2028 2031 2034 2023 2024 2026 2028 2031 2034

+-bifacial SHJ n-type -#-TOPCon n-type -8-monofadalibifacial p-type
Impressive Silver reduction occurred and reduction will be continued
->PERC =74 / TopCon =120 mg Ag (M10 format /2023) Avg: = 9.6 / 15 mg/ W =» = 11.5t / GW (share 65:35)
= =500GW = 5,750t = 18% annual Ag consumption 2023 (F)*
-> n-type concepts require more Ag = Tier 1 cell manufacturer confirm ITRPV
= TIER1** mg/W: PERC: 7...8 v' - HJT: 17 ...20 v - TOPCon: 12 ..16 mg

. htlps Iwww.goldpreis.de/silberpreis/; Assumption ~ 31,879t / 1,024.3 MOz 2023(F) market hitps://www.silverinstitute.org/all-world-silver-surveys/
* InfoLink Consulting Photovoltaics: New Technology Market Report Feb. 2024

AHJT mn-TopCon Ap-Perc bifa

ITRPV | ITRPV 2024 | Dr. Markus Fischer | PV CellTech, Frankfurt/Main, March 13 2024



Cell: Process — metallization trends how to meet reduction targets // VBMA
J

Trend: Ag consumption @ 1.5 TW in 2034: Trend: metallization material for SHJ
peak consumption for photography: 38% in 1983/87 -> copper is expected to be used \PV
40% 16
i — (PPRPRPI RPN R PR prrm—— . o
g 35% 5 N SHJ/TDM/XBC uncerainity o,
& 30% S - - 12 80%
5 & o g £
2 25% E—& 10 & s
s ' s 2 oo g
-.é 20% P2 — ’ E g 50% §
g 15% 6 % ;’: 40% =
o 10% 1 . = 5 30%
<°, % 20%
2 5% - - 10%
0% - - 0%
2023 2024 2026 2028 2031 2034 2023 2028 22 e i a9

mmktAg A% Ag (2023F) -a-TW shipped

Assumption are for PERC/ToPCon/SHJ w/ ITRPV values

Main measures to optimize usage of Ag:

- Tandem will reduce Ag consumption / W due to higher cell power
- SHJ and XBC expected to use Cu

- Tandem will allow low temp metallization's using Cu materials

m Silver-based = Copper-containing Others

} 2034: XBC/TDM market share 15%/10% assumed

ITRPV | ITRPV 2024 | Dr. Markus Fischer | PV CellTech, Frankfurt/Main, March 13 2024
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J. Geol. 1965, 73, 391.

J. Sediment. Res. 2001, 71, 176.
Eurospel. Mag. 2016, 3, 47.
Energy Procedia 2018, 146, 59.
Jb. Geol. B.-A. 2020, 159, 67.




lkaite (0, Removal
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lkaite (0, Removal
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Global warming potential of greenhouse gases over 100-year timescale
~ in Data

(GWP100)
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Removal of chiorofiucrocarbons from the Earth’s atmosphere

Thomas H. Stix
1 O Department of Astrophysical Sciences, Princeton University, POB 451, Princeion, New Jersey 08543
{Received 3 April 1989; accepted for publication 24 July 1989)
This work addresses the possibility of processing the Earth’s atmosphere (5 X 10'® metric tons)
to remove the chiorofluorocarbons (CFCs). the chlorine atoms, from the ultraviolet
O — — photolysis of CFCs in the stratosphere, that are held responsible for catalyzing the thinning of

the Earth's protective ozone layer. In addition, it is estimated that the contribution of CFCs to

1 980 1 990 2000 20 1 O 2020 the “‘greenhouse effect” and global warming is already 40% that of carbon dioxide and the
ﬁgurc xs esnnated ro nse to 60% in the next four qeﬂades Thls study survcys the use of
oo - s -~ = *~“ared multiphoton

of the laser beams. As presently perceived, the cost of instaliation and operation of the n droplets. One major
pﬂation of the

elaborate laser facilities would be certainly prohibitive unless a factor of 5 or 10 improvement 5556 mpovemen
in overall efficiency can be found.
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Annual greenhouse gas index

J. Appl. Phys. 1989, 66, 5622.




Giganti

Guinness World Records .+
@GWR - Follow

The making of giant pumpkins: how selective breeding
It's official! The heaviest pumpkin weighed 2,749 pounds changed the phloem of Cucurbita maxima from source
(1,246.9 kilograms) when it was presented by Travis

Gienger at the 50th Safeway World Championship 3 [y, Fe N N y to sink
Pumpkin Weigh-Off held in Half Moon Bay, California, A el
USA | ) *. e Jessica A. Savage'?, Dustin F. Haines” & N. Michele Holbrook®

!Arnold Arboretum and *Department of Organismic and Evolutionary Biology, Harvard University, Boston, MA 02131, USA

| Prize pumpkins have tripled in size in the past three decades. Tim Parks, of the Ohio Valley growers club,
harvests his 2010 contender. ¢ / Redux

The path to prizewinning pumpkins can be traced, , to Henry David Thoreau.
In the spring of 1857, while living in Concord, Massachusetts, Thoreau planted six seeds
from a French variety called Potiron Jaune Gros de Paris (fat yellow Paris pumpkin). He was
astonished that fall when one fruit reached 123.5 pounds. “Who would have believed
that there were 310 pounds of Potiron Jaune Grosse in that corner of my garden!” he

wrote in Wild Fruits.

12:59 PM - Oct 12, 2023

_ * " PlantCell Environ. 2015, 38, 1543,




Landaugr Lpmputing

Minimum bit-flip energy:

B>k BT In 2 '
at 298 K ~0.01eV = K.
typical HDD: ~10,000,000 &V |8
typical SSD: ~1,000,000 eV

Sci. Adv. 2016, 2, e1501492.



andau g)m uting

Reference Data
CCD laser laser
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Sci. Adv. 2016, 2, e1501492.




“Luminous was, literally, a computer
o - i . LUMINOUS
made of light. It came into existence

when a vacuum chamber, a cube five
meters wide, was filled with an elaborate
standing wave created by three vast arrays
of high-powered lasers. A coherent
electron beam was fed into the chamber —
and just as a finely machined grating built
of solid matter could diffract a beam of
light, a sufficiently ordered (and

sufficiently intense) configuration of light
GREG EGAN

could diffract a beam of matter.




“T'he electrons were redirected from layer
to layer of the light cube, recombining and
interfering at each stage, every change in
their phase and intensity petforming an
appropriate computation — and the
whole system could be reconfigured,
nanosecond by nanosecond, into complex
new ‘hardware’ optimized for the
calculations at hand. The auxiliary
supercomputers controlling the laser arrays
could design, and then instantly build, the

perfect machine of light to carry out each [JiejNISYIEIIN

particular stage of any program.”




Auroral Curre nts
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J. Atmos. Sol.-Terr. Phys. 2002, 64, 1755.



Auroral Currents

Eyewitness Reports of the Great Auroral Storm
of 1859

Boston operator, (to Portland operator)--“Please cut off your battery entirely
from the line for fifteen minutes.”

Portland operator—"“Will do so. It is now disconnected.”

Boston—*“Mine is disconnected, and we are working with the auroral current.

How do you receive my writing?”

Portland—Better than with our batteries on. ~Current comes and goes

gradually.” :
2000/11/08 23:26

Adv. Space Res. 2006, 38, 145.
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Not all difficult things are worth doing.

Some [deas are Just as silly as they sound.
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Republic of Singapore
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t Tamil:
7
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Flag

Capital

Official languages

Ethnic groups
(2020)°!

Religion (2020)/°

Demonym(s)

Government

Legislature
V4! ZAVAN
(A B VAY

Z Malaysia

« Self-governance
« Proclamation of
Singapore

Area
* Total

Population
* 2023 estimate

Independence from the United Kingdom and

« Malaysia Agreement

Malay: Republik Singapura
FNEEAE
FRsLILT GUWIsH

Coat of arms

Motto: Majulah Singapura (Malay)
"Onward Singapore"

Singapore (city-
state)t@
o 1°17'N 103°50'E

English - Malay -
Mandarin - Tamil

74.3% Chinese
13.5% Malay
9.0% Indian
3.2% other

31.1% Buddhism
20.0% no religion
18.9% Christianity
15.6% Islam
8.8% Taoism
5.0% Hinduism
0.6% other

Singaporean

Unitary dominant-
party parliamentary
republic

Parliament

3 June 1959
16 September 1963
9 August 1965

735.2 km?
(283.9 sq mi)l“]
(176th)

A 5,917,600
(113rd)



Dotcom Peak SARS Epidemic

December? March?

Market value ® Shareholder equity

g the Future of Energyj

Temasek steps up investments in Asia

.. Financial Crisis |

74 757677 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 94395 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23

-== Shareholder equity excluding mark to market move

Republic of Singapore

Malay: Republik Singapura
Mandarin:  FiHUEHAE
Tamil: FRsILT GUWTs

*

.
*
* *

Coat of arms

Flag

Motto: Majulah Singapura (Malay)
"Onward Singapore"

Capital Singapore (city-
state)i@l

(@ 1°17'N 103°50E

Official languages English - Malay -

Mandarin - Tamil

74.3% Chinese
13.5% Malay
9.0% Indian
3.2% other

Ethnic groups
1l (2020)!

31.1% Buddhism
20.0% no religion
18.9% Christianity
15.6% Islam

8.8% Taoism
5.0% Hinduism
0.6% other

Religion (2020)!¢!

Demonym(s) Singaporean

Government Unitary dominant-
party parliamentary

republic

Legislature Parliament

Financial Year

Independence from the United Kingdom and

Malaysia

« Self-governance

« Malaysia Agreement

* Proclamation of
Singapore

ment# 3 June 1959
16 September 1963

9 August 1965

~ Area

« Total 735.2 km?
(283.9 sq mi)l¥l
(176th)

Population
* 2023 estimate

A 5,917,600
(113rd)



Per person emissions (tCO2e)
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