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swdaluuagnnesatulud a.e. 1895 Tasdainsn Tulua (Alfred Nobel) finiafl 3ens uazdnusy
Fugrniaiinu iiteidesninnisAnauszidalaulun lagnafidonssuvesdamisa Tua duilanunitoy
souniweusanaulvyiionisdadesaluvaliuntnivetmans Aadu wazdnnisys ydswaculudi
TRITRCE R "ﬂmﬂiﬂwﬁqqq@LLf{mawwma (the greatest benefit to humankind)" LAATBUASIVE
awlsn  luivauansmaaaunenisdasesietal shlusedanandomdnnazaunsauouselaluiva
adsusnlalud a.e 1901

Fase Tutvaiimuaulassrsdndluaiansaufadna LAl N1SWNNeY LazIsTunssy dadualy
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PIEIVTNVDITNITAIULUA  @IUANVINMIADEIVIAURNIN L BBAUINLASULSITUANALRINANTAIND U
LUULWUAYU Bertha von Suttner WnduRisv1l09aes8 nautul A.A. 1968 surA1snasalnuladnfa
s1eaanvnasegmanstuiingy tedwiesfundawsa luua Yagluseiaunavaividyann 11 a1u

¢ a = ¥ ‘¢ o
ATIIUEILAY nTaUTTUNM 1.1 mu@aamﬁa‘lﬁig

dawlsa Tuiua (A.A. 1833-1896) UniaiLazdFinsuainu

. (credit: Hulton-Deutsch Collection, Corbis, Getty)
(9111: www.nationalgeographic.com/premium/article/nobel-prize-facts-secrets-history-science)
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http://www.nationalgeographic.com/premium/article/nobel-prize-facts-secrets-history-science

o a1 dna LAl waslATEgAIEnT Andanlag The Royal Swedish Academy of Sciences

® ANVIAITINYIVIDNTUNNY ARLABNLAY The Karolinska Institutet
® EIUNTIUNTIU ARLBNLAY The Swedish Academy

o gvduinnAnldanlay The Norwegian Parliament

ANENIIUNSRARERNABIUfURMINNgANEUBEIIINMIR  Wufintsiiansangnivualmduainudu
naenll wadaglusigaziBenreinszuiunisuaazsauazgninuiduanududunar 50 9 eerslsfinny

nstnsulungesnaanefvilnAnaniunisafidugeu wu lud a.a 2011 Ralph M. Steinman i
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gliauiiAngrsnanewan ladussaluvaauinsumendnndsiioua wingvewaisluuaazssy
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mmaeuamwmaiml,ﬂmummaammu 1PUAMNZNITUNITNTIUI Ralph M. Steinman fdsuaenielsn
uziSedueey uwiiesnnnsruiumsneadunnudy waanznssun1slunsIun Steinman 1@ed3aluuan
ANUTUNDUNUINITUTEAASI9TA 11B991n Steinman é’aﬁ%‘imag’tuﬂmLamﬁﬁmsﬁm%u Fadansgnnedniy

npuazlasunstudulrueunely

‘17;3.1']:
The Nobel Prize’s secretive process and peculiar past,

www.nationalgeosraphic.com/premium/article/nobel-prize-facts-secrets-history-science
History, www.nobelpeaceprize.org/nobel-peace-prize/history/
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http://www.nationalgeographic.com/premium/article/nobel-prize-facts-secrets-history-science
http://www.nobelpeaceprize.org/nobel-peace-prize/history/
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Jagan ABUIIA 13U (Wilhelm Conrad Rontgen) 1duiin
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ﬂ?ﬁﬂa;ﬂmmﬂmaiuLuammﬂ%ﬂéﬂ%LLiﬂIuﬂ A.A. 1901 iAnuileudl 27
w1 A, 1845 Miles Lennep U¥adiy (Jaqiiufeiflos Remscheid
Useinawosuil) faunodynssnddeTuil 10 nquawius aa. 1923 fies
Munich Ussaeesull nsaunudidiens (Xrays) vea3usinuie
Jun1sidegradielvavesidna warlandnlaunsunmeitoduesnsduds
BUNULALASIFUMLIAaNS 11O U AN AT ANedeans 9 Taun
Strasbourg (U 1876-1879), Giessen (U 1879-1888), Wiirzburg (1888

1900) wag Munich (1900-1920)
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wugduuunaiineungnisendt “Sedsunmn” uasunnunaulydnn “Sedeny” (X-rays) #9411310
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WINNMTUNNERsEREnTuiImeaian1sangn wlnulyinle

wpawluaglusiamenywelaglunewidn  waznglunanieslufdlam  Sdensignihuilylunis
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U QIJ ¥ o U 5\ ¥ ! { a ¢ a i a a
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wavelength

radio visible light ultraviolet X-rays gamma rays
microwaves

S

[ {?-:l‘_“l

AT

used to used in transmits makes things | absorbed by | used to view used in
broadcast cooking, radar,| heat from able to be the skin, inside of medicine for
radio and telephone and | sun, fires, seen used in bodies and | killing cancer
television other signals radiators fluorescent objects cells
tubes

=
Nnu":

© Encvclopaedia Britannica, Inc.

Fadusuanluv (Electromagnetic radiation) afianne9 saulutedsdidne
(9131 www.britannica.com/science/X-ray)

Speed read: An illuminating accident, www.nobelprize.org/prizes/physics/1901/speedread

Wilhelm Conrad Rontgen, www.britannica.com/science/X-ray.
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http://www.britannica.com/science/X-ray
http://www.nobelprize.org/prizes/physics/1901/speedread
http://www.britannica.com/science/X-ray

aasmisitnaufseilAil duaalnid uazANuAauaadluga

i.

awtaiuluy 1901;

glava wuUsAd Wumaan (Jacobus Henricus van ’t Hoff)

dutnedideianawnday Aadlotudl 30 dmeu aa. 1852
ios Rotterdam Usinalulsesuaun  faunedgynssnilotuil 1
funAn A.A. 1911 7ings Berlin Ussinawesudl wasiduyla¥usieta
Tuwaavnedauusnlud  aa 1901 AEauALSRTINIELAG
Uisenedl aunanll wazausuealuda
sfaluvaaiedafusnlasnsosiansifauinsouuuidn
mf‘mmmam%ﬁa%m&Jﬂaiﬂmil,ﬁmﬂﬁﬁ%mLﬂﬁ L,Lazmiﬂ'ﬁzs;ﬂﬁ%

wnfntuievhauilanginssuvesansazaisluseauluiana

g1AaUd MungarRayAUNUNYBIANAMEATIATUANSNITINITLAR
Uffseuazusanueealu@a (Osmotic pressure) luansazate Feladnesingiulniniviaduvudlnufe

¢ v P
\WAALBNENE (Physical Chemistry) filandnnisnaidnalunisviunewasaiuaunisvianuvesuana

side 1 A side 2 side 1 B side 2

o gossy

J impermeant = )
osmotic substance hydrostatic

pressure pressure

semipermeable

membrane
© 2012 Encyclopadia Britannica, Inc.

mamwauﬁwuaaﬁlumﬂ msunsvosirudenduniule (A) thezunsmunnuwaruainaui 11
Jaanuft 2 vosnvue Lwawamnaﬁwiummmmuwaim mﬂ‘waawﬁ%aqmwﬂwmmmuiaimammﬂ
1um7uw 2 Windu Fefluunlunay Naﬂmﬂaﬂu'mmw 1
(#i111: www.britannica.com/science/osmotic- pressure)
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http://www.britannica.com/science/osmotic-pressure

mu’?%’aqﬂLﬁﬂsum‘V\Ims?aawgﬂLﬁummﬁuﬁuﬁ‘izwinqmmﬁ fumni§ivesfisenad wileass
ndsUsinaiidenlosiuUsmaniimetu  shindniadanmsnesuisuasaansalnainuesjizen
(Reaction dynamics) laegnauuug lunanfentu widsinwnansazaeifiolvanudnduresusingm
saipealu@a (Osmosis) Insuansivifiunarsiiazasannsnasusafuriudony waglaaue aunsviu
poonl (van 't Hoff equation) Lﬁa@%msmi'mgmﬁajﬁ FeiigaunansazarsfingAnssumungRanad
aansnvhusle uazdouloanfifugnmnamans (Thermodynamics) lwnefu Asfidusidudmnud

lananedunisivdsundasluneuf il wanuwvsshusgenlaiesngulniumalulagilouseiusoaly

I 1%
a Y CY

fa sauassuunainhlnuians  laufimisinymenisunndfiendenisniuaumsaaniuen Snviads
deuleafuituguluanavesnszuaunisnedaine  lnedlnduiouleiuazswnivelaniufofniumdn
nsiRglfiuveanaininll

SouwAnveshungerla¥umssoniuesnanineang infidsidnassnareidumansiidudulunis
dareunisgpamnssy senuuutan  uasuanssumisiinisunne  wasudvhludniadiamise

muauwazlalsslevuainnalniivesluiuresmgfnssuluianalaeensdivszd@nsam nsaunuilluiiows

wAUIALIMIINgImans wadudaiaunianisidelnundasimuaiirniaveaniivazi3inenauiedagduy

an:

Jacobus Henricus van ’t Hoff, www.britannica.com/biography/Jacobus-Henricus-van-t-Hoff

Jacobus Henricus van 't Hoff, www.chemeurope.com/en/encyclopedia/Jacobus_Henricus van %27t Hoff.html
Award ceremony speech, www.nobelprize.org/prizes/chemistry/1901/ceremony-speech/
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http://www.britannica.com/biography/Jacobus-Henricus-van-t-Hoff
http://www.chemeurope.com/en/encyclopedia/Jacobus_Henricus_van_%27t_Hoff.html
http://www.nobelprize.org/prizes/chemistry/1901/ceremony-speech/

ofla ou wwse (Emil von Behring) iutnuuailiseinevn

WasHy Lea U 15 dunay A.A. 1854 Ylkiles Hansdorf USaLse

o

nzduan (JagduAeilles tawice Useineliuaun) Daunadynssuilotu

7 31 flurau A 1917 Adles Marburg Ussneteasudl wvsadunils

£%
a [y

Tuguninivgiiauiuiner Tud e 1901 wagladusieialuiuaanan

Y 9

nswnneiduasusn  9nnanuatunsiidasinwmegy T
st lusnwlsanedu

N13MAReIvaLUnslUNkuA S e agnAunUl A TuE

A a dt

Wuanuguesdsanafivuazuiamzdn lsavsasainainaisiiviigauvse

q

a

Uargaanun lagsuilefiu Shibasaburo Kitasato WnwuAlSeINg1vIgYu lunssaunuInilednignae

'
=

¥ & o A S aa ! £ = o ¢ 'Y =~ ~a Y X oA
PIYLTRUNANSUNNTBABAUNUBDUONT Laa@m@ﬂﬁm'ﬁLﬂaquuf\]gﬂaqﬁLﬁmwgﬂatiﬂULW@m@Uauaq N

ansavhlnasiiventelsauungnsle wiionaisadinaiinn “woufiendu (antitoxin)” Ao LUKSY

¥
o (dl IS

waz 1839 wesdnee (Erich Wermnicke) wanslmiiuiinisaieiwguidenfiduoufnenduigdmninianme

AoRuAsugTULIIEINNsasnwIaINIswazUaiunsdedinle  Adiidussdludniniduaislunyveiguiu

(% (%
a [y

nmsnnewugliaudungiinfivlierefvaiuisainweinisuarmedianiniuila

Y 9
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HOW DID THEY MAKE DIPHTHERIA ANTITOXIN ?

SCIENTISTS LEARNED TO HARNESS THE IMMUNE SYSTEMS of some animals to produce antitoxin serums
to use as medicines. Diphtheria antitoxin was one of these medicines. Doctors used diphtheria antitoxin
to treat and prevent diphtheria, an often deadly childhood disease.

@ Scientists grow @ MNext, researchers inject @ Scientists collect @ Then, researchers
diphtheria-causing horses with the diphtheria blood from the purify the antitoxin
bacteria in the laboratory toxin. As an immune response, horses and separate serum foruse asa
and harvest its toxin. the animals’ blood produces out the antitoxin medicine for people.

diphtheria antitoxin. rich senum.

taxin

antitosin
miedidne

antitoxin in the

diphtheria- bloodstream

causing
bacteria

miaswLLaumwaﬂsuummUIﬁﬂﬂamu (Diphtheria antitoxin):

1. UﬂTVlEJ’lﬂﬁﬁmﬁL‘W’luL“UE]LL‘Uﬂ‘MLﬁEJ‘WﬂE]IiﬂﬂE]G]UIH‘WEN’UQ'U(?1ﬂ’liLLa"LﬂUﬁ’]iWEV}Namaamﬂ

2. ama’lﬁwwﬂammaﬁwmaam ﬁ‘WU’UﬂlIﬂllﬂu%aﬂﬁmlﬂ”mauﬁu@ﬁiﬂ&lﬁﬁ’lﬁLLau&]Maﬂ‘UuIiﬂﬂaﬂUIutaaﬂ
3.fiuidenuindniuavuendsuiifiueuivienduinuvuosnin

a. wﬂwuwLLaum‘maﬂ%u‘uiawmwalmﬂu&nmmuuuw

(‘mﬂ www.nlm.nih.gov/exhibition/fromdnatobeer/exhibition-interactive/illustrations/diphtheria-
alternative.html)

waenfinisimwivaiaiaunsandnaisadndeniifiuouivendununingslusziugaavngsy

[ s ¥ ! [ . a o w [y
3BN135NHIVBAUNTINBLTTURUUTUNN (Passive serum therapy) Fenaneiduidsnisddglunissnuilsa

1
=

Aofu  wazwe@iayauvateniuaund  aleniseunull  weuRviendu  Tweunduni  wouRueh

(Antibodies) lagausznigwuimianisidelve dnidemlanissaumaniunisudy o Aluanaweuiiued

giavialeivgnasetu telunsnnieauisaaseginuiuneiielsala

Y 9

17;31'1:
Speed read: Passive aggressive treatment, www.nobelprize.org/prizes/medicine/1901/speedread/
Emil von Behring, www.britannica.com/biography/Emil-von-Behring
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http://www.nobelprize.org/prizes/medicine/1901/speedread/
http://www.britannica.com/biography/Emil-von-Behring
http://www.nlm.nih.gov/exhibition/fromdnatobeer/exhibition-interactive/illustrations/diphtheria-alternative.html
http://www.nlm.nih.gov/exhibition/fromdnatobeer/exhibition-interactive/illustrations/diphtheria-alternative.html

[Xe]6324 Myl
pol onlum

(209) |

a1 Q‘% (Marie Curie) University of Paris/Sorbonne, Curie
Laboratory, Radium Institute, Paris, France
ShidnauaviniedivdSaradeaslduaun

sL‘Llﬂ A.f. 1903 1(5]3‘U'§N'361uLUﬁﬁ?‘U’]ﬂﬁﬂﬁﬁ’mﬂ‘U Juos ;

[

(Pierre Curie) hagdes3 1OniAoisa (Henri Becquerel) 31nN15348
ynudnifeafufudundsd (radioactivity) Fadudfiund gaidundods
srefatidunsengesianisaunuiuiiunSiduazaanunimuilunisin
LaglATEIUTINgNITfnan

Tud aa. 1911 ln3ussaluuaavneiiinnisaunuss
lwastilen (Polonium) uwazistfen (Radium) A1TWAILIIBNITULEN

SRsuwazMsANwAMENT  Hanuwanlaesingulniuidna

Juadeshazn1ssnelsauziSniused

fiun: Marie Curie Facts, www.nobelprize.org/prizes/physics/1903/marie-curie/facts/
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http://www.nobelprize.org/prizes/physics/1903/marie-curie/facts/

latld wads (Linus Pauling) California Institute of Technology
(Caltech), Pasadena, California, USA
Unipduazinianssuduiningieusiy

1T a.a. 1954 Tnfusrealuluaaaaiiannnsiseieafusssy
yfvesiusziall  Tersenseduanulaedlasiaruanaiisluad
LazaIINY"

Tud a.A. 1962 15%’U3WQ?aIuLuaawmﬂé’uaﬂwwLﬁawjﬂﬁm 10AS
imsaééagmmimaaumqﬁﬁamﬁa%uasmsaﬁuayumiammqﬁﬁ"ﬂaﬂ

Fadiaelnfeausdygiunisvagauuisdiu  (Partial Test Ban

Treaty)

fiun: Linus Pauling Facts, www.nobelprize.org/prizes/peace/1962/pauling/facts/

Covalent Bond Types

S 2

g3 Single Bond Double Bond Triple Bond
::

i @@ @@
c O

°3z

§ E Hydrogen (H,) Carbone dioxide (CO,) Nitrogen (N,)

@ @

Polar Bond Nonpolar Bond Coordinate Bond

Fluorine (F,) Carbon monoxide (CO)

Based on the polarity and
coordination of the atoms

Water (H,0)

Wusziafivdanieg
(9137 www.compoundchem.com/2017/02/28/pauling/)
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http://www.nobelprize.org/prizes/peace/1962/pauling/facts/

20%u U1sau UJohn Bardeen) Bell Labs, New Jersey, USA
(1956), University of Illinois at Urbana—Champaign, Illinois, USA
(1972)
Sennslunuazinidndviionsiu

Tud a.a. 1956 lasusetaluaavridanasiuiu Jaden Sonde
(William Shockley) LBTI0ANBS WUSHWIU (Walter Brattain) 990013
Uigﬁ@éﬂiwu%aL@@%ﬁﬁéﬂwmaaauua %aﬂﬁﬁﬁaaﬂwsﬁLﬁﬂ%iaﬁﬂéuagg
M9gyARITA

Tud a.a. 1972 lafusretaluvaaefdnasiutu ey aues
(Leon Cooper) wavaonu 15199 ¥SWwles John Robert Schrieffer)
la¥us1eTaninngui] Bardeen-Cooper-Schrieffer (BCS) LRpaffuann
#thends (superconductivity) dseSurerwiluiaguissiiaaimisath

Tnvlagludiadununiuiaumgisiuin

fi1n: John Bardeen Facts, www.nobelprize.org/prizes/physics/1956/bardeen/facts/

n3Tames (Transistor) Laeausn Fudugunsaansisdathuuy solid state ludmsunisvens arua warasisdayayadlvivin

(‘17'1Im: www.britannica.com/technology/transistor/Innovation-at-Bell-Labs)

2QuUdNg
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http://www.nobelprize.org/prizes/physics/1956/bardeen/facts/

WSLADIN LUaLAdS (Frederick Sanger) University of Cambridge,

Cambridge, UK
UnTALiv1I89NgY

1T .. 1958 Tnsusrieialuluaaaaiiannnsanenlasiassves
sy Tasamiznsmardunsneziiluvesdugdu eiigaunTusiufinns
Inseluanaanisa

1T a.e. 1980 Tnfusrefaluuaanviadisanainnnsiauiisnig

v o a &

[ . a ! o < = dgl’
wauALduLe (DNA sequencing) TikuuguaysIntsy dananeiduniugiu
d1Anyveelasan1salunuyse (Human Genome Project)

fiun: Frederick Sanger Facts, www.nobelprize.org/prizes/chemistry/1958/sanser/facts/

® phosprate gy, nitrogen-

0. containing

() o [E= = beses

lananowe
(9131 www.britannica.com/science/DNA-sequencing)
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wuss ¥nsiwad (Barry Sharpless) Scripps Research, La Jolla,
California, USA

DRI BRI RTal)]

a v

Tud a.a. 2001 lafusedaluuaaaaiiannnisideufiiseneen

Baduilaiusiisendalasa  (chirally  catalyzed  oxidation
reactions) Fafiauddynenisuane

Tud A 2022 lnsusretaluvaarnaiismannsiau Click
chemistry uay Bioorthogonal chemistry @aifuAsnsidouneluiana
ooaiiuszAnBnnnazidusyuy ﬂaqﬁ’ugﬂﬁmﬂ%ﬁ’uaéwLLW%‘Vimﬂuﬂﬁ

[ [

AUAIYLLAZT AL

fiun: K. Barry Sharpless Facts, www.nobelprize.org/prizes/chemistry/2022/sharpless/facts/

The click reaction that
changed chemistry

Azides and alkynes react very efficiently when copper ions
are added. This reaction is now used globally to link
molecules together in a simple manner.

Azide Alkyne
. @—N=N=N =@ Vi
1 ) )| B ( )
/ Moo, it

Azide Alkyne

S N\O-NNN =@
2 (Motecuie)—T]) SE= ]
\ J ™,

Bt

Triazole

—_— § -

Click

Click chemistry
© Johan Jarnestad/The Royal Swedish Academy of Sciences
(#131: www.nobelprize.org/prizes/chemistry/2022/press-release/)
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Saidsn susrdu fiwadu (Albert Abraham Michelson)
University of Chicago, Illinois, USA Tnfdnas e iudilesusetaly
warduauusnlugvfidnailed aa 1907 ainnsasisuazimunianis
Someipsesdumesielsiwes  (nterferometer)  3aviluanansedn

Ausvematlaeswiudr  wazidunismesngiuddgynenisiinm

¢
a

NNENFTINAFDY NaIUYeIdalsn dwaduladanialuiunisideniu
wasnazaduwmantiv  wazfidvdwanenisWaumguiduivsninve

wadse laualpulunainoun

movable mirror
|—-———w
-
v B
laser
A

—————— ———— fixed
.............. e LI S R ——— R ———— |'|‘|i|‘r0|‘

half-transparent
mirror

e I
i —— — i ———— ——

Screen

Configuration of a basic Michelson interferometer ﬂivﬂaumal,maaml,uml,l,m (Laser) fauenauas (half-transparent mirror)
NITINFAIUIULAY Lﬂi@ﬂﬁli?‘\]ﬁ]ULLﬁﬂ (Screen) ‘lNVI’mu’WIUUV]ﬂﬂ’]iLLV]‘Jﬂﬁ@WU@GLLﬁ& (interference pattern)
(mn. www.britannica.com/technology/Michelson-interferometer)
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End Statisn
@4km (2.5mi)

= Mid Station
@2km (1.25mi)

Corner Station

U.S. National Science Foundation Laser Interferometer Gravitational-wave Observatory
(NSF I_IGO) T%meaumanmﬂimLm'eJSLLU‘U Michelson W%Uezjaummm mesmmuﬂmaﬂuﬂamLLEN
LaLszia'imﬂmeL@&J'saﬂLLaﬂaaﬂLﬂuaaﬂmu mLLaﬂLL(ﬂa’lf\] Lmumﬂﬂmmlfuummmﬂﬂu ﬂiuVI‘UﬂUﬂiuf\]ﬂ‘Vl
Uangwuu LLmamauﬂaumLwaimmﬂumLLaqaﬂmuMm (mﬁLmiﬂaaﬂ) miﬂnw’mmLLaqmaaQLmaﬂ
aa@ﬂuamﬂ,s Vlﬂwa']miammaaulmmﬂaummiummqmuwﬂmmalu

mwmamqmmﬁ (mmmaﬂ 2023) ‘Uamammmmsm LIGO Hanford LLamTwmuﬂuu’msuaﬂLﬂiawa
LaZFULWUIYaY “Comer Station” (Gziﬂl,ﬂuﬁmﬂ%umamai) way “End-Station” wﬂmamuaﬂmwm R
Lﬂu%ﬁlfl%@flﬂiuﬁ]ﬂ%@ﬁ@‘u E‘NLﬂﬁlﬂ’ﬂLL“ﬂu&Jﬂ’NﬂJ‘EJ'TJ@J’]ﬂﬁ]u%ﬂﬁumu@ﬂﬂ’]‘WUmUa‘HiuEJu‘Vl’Niu‘Vi’J'N Mid-
Station tay End-Station (lasAnAIN: Caltech/MIT/LIGO Lab)

(ﬁuﬂ: www.ligo.caltech.edu/page/ligo-detectors)
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Wsimesn 3. wluRs (Frederick G. Banting) University of
Toronto, Ontario, Canada kNNELAZENITEINILAUIAIAULSATILASY

s9daluuaavassInesenswnnelud a.f. 1923 SuAU 0UU

'
a =

wipdeon (John Macleod) 9Mnn1sAUNUBULAY szmﬁjumaﬁﬁﬁigiu

Y

nsshwlsaiumnny msaunuilvhlwanansenivgulsaieerdu

dunI19na¥In warveFiayUletuaiuiilan

17;3.1‘1:
Frederick G. Banting, www.nobelprize.org/prizes/medicine/1923/banting/biographical/

INSULIN
(rDNA) origin
10 m!/100 units p#

.6 in

Important: 5¢
Keep In Cold Place
Avoid Freezing

Rx Only
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- N

B1)a:quUINSAUAULLSA

usivialuwaarvidngamaas

lWasUI5la 9aLUsle La1wLwe (Bernardo Alberto Houssay) University of Buenos Aires, Argentina

JNA35INYIYNIBITHIURUIAULIATLASUTITA L UL UAANVIES TINYIUI BN TNV IRNUUTEINABNSIAURAUNLLD

(%

T A.A. 1947 52uAU 158 ABS (Carl Cori) Wag tnasil AvS (Gerty Cori) AMNAITAUAINALINUUNUINVDS
g05LUUABNITAIUANNTEUIUNITHINAIYN A Tnslanizn1sAneInavasnaulnauas (pituitary gland)
MBNITYINIUVBITNNTY NauilaesIngIudAyneauilasesssuunaulsowaslunUaaTy Fellna

AONNTHAIUINITUNNELaEINEIAEnsTInNlusEAUlan

U133 WU (Baruj Benacerraf) Harvard Medical School, Boston, Massachusetts, USA

v
Y o

nadauiuineugeai-slisiuauksnilafuseialuluaanuaisinevsemsunnesiuiy - aieg

Aauey (Jean Dausset) war 9839 @luaa (George Snell) Tud A.a. 1980 21NN1IAUNUEUNAIUANNITABY

(%
o/ a LY

auaewnegianiu  Fudunnddglunisyhanuilanalnnisiauvesssuugiauiunagnisufiasnis

q

' v
= a [y

Ugnaeeeay Jslidvinanonsiauinisinulsagiquiuuaznisugnaiseieazauiisiagiu

11319 1. Tau (Mario J. Molina) Massachusetts Institute of Technology (MIT), Cambridge,
Massachusetts, USA tiniafiansindfu-swusiuiilasusetaluvaaviailud a.a 1995 2ufu wea A3
Py (Paul Crutzen) uag uwsan Lﬁzja%gm T59uaun (Frank Sherwood Rowland) 91nn53deiAgaiunns
ﬁ'lmEJ%y’uussanﬂ'lﬂiaiszmiﬂamiﬂaaiinaaisﬂﬂéuau (Chlorofluorocarbons: CFCs) Fadunisauny
fiflnansznvesnannaedinaeuarulovisszdulan  laerngulniuingenansaanasyalielng
wazilunumddynenisudnduansnssemnssemalunisundestuussenmialelen saude Montreal

[

Protocol #ifsasidunseuanusiionudwinasuiiddyautadagiu

fian: www.nobelprize.org/prizes/lists/all-nobel-prizes/
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awnd 1901-2025 Useinaanigowsniiiylasusieialuuaunfiandusuduniedan lned

ﬁ‘]’wmumlm%’wﬁaﬁa 5 @191993 428 51973 (425 aw) Tuswrudiduriswsiulaesidaussunm 71 %

aa

karyUssuntd 29 % Lﬁjuwmmﬂﬂsvmmu “EI\‘lLﬂ‘uﬁQ WLL?I@QIWL%UEJEJ’]\‘]‘UWL‘\]‘H’J']E‘Wﬁ%“’l Julgunlagsguu

&3

Y CZ) v

fnafigesslnannsofgaiinidennmsussmalmannyhaululsemalaesddod

Countries with the Most

*Nobel Prizes «

As of 2025

i www.visualcapitalist.com/ranked-countries-with-the-most-nobel-prizes-as-of-2025
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"' Nobel laureates per million inhabitants
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3 0.4
z Washington O California
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» Russia i
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Discovery / Birth (log)

Note: Only countries and US-states displayed that have been awarded with Nobel prizes more or equal to the median (= 7).
A value greater than 0 on the ordinate x-axis indicates countries with more discoveries than births, and a value greater than 0 on the

coordinate y-axis indicates countries with more awards than discoveries.

doanuglasusiefaluanuanuiingaunuranudsinneaniuiiie wazanuifylasuseiadainneanuninyaunudaia
[veyaa1nd 1901-2024]
un: www.sciencedirect.com/science/article/pii/S0048733324001999#50035

v a <

nvayalud 1901 -2024 wun luginangiusenvesanigesni SgllivesnuazSgusanyiona

<9

lﬁTﬂmaLﬁuquéﬂmawqﬁmam%mmmiguwuﬁlﬁ%’m’lﬁaiuwa Tneitsansssruiudadu 35.9 % vos
NAUTINUATDIUSEINA 1ummzﬁ%’§LLﬂ§Wa§LﬁaLﬁurzgﬁﬂumim%’gmqﬁqmqaﬁqmzﬁfumﬂmaaaw%’gﬂ lngd
fnanu 20.7 % vieAndunisaunuszduluiua 63 Ay Ssnamdinisaunuressumawosuiifies 5
naulundilan aufinde 43.4 % vesnisAunUTavan (304 waL) nszasegludn 24 S5vosansye
sUnsIPLULLARNIT AT B aUsufisuresUssmaiifauddgyronstaluua Tnefinnsan
Auanasalunsfsgans “gauny (discoverers)” wag “glasusnefandsnisauny (eventual award
winners)” ¥asunazUssine %ﬂﬁ%@%ﬁ%@ﬂLLG]IaS‘LJ%L‘Vlﬂgﬂ‘U%JUELi;ilLﬂuﬁ’m’luéIng%UiN’?aIuL‘Uﬁ(ﬂlaﬂimﬂﬂi
ATIPuINTINTIuLUsTImATI IS uIun TeunUsER U At A aunslaTuTeTalua
nanfeidulssmaatsmnavesgenennaunsaunuszduluiua  @unssauuuLLUsEmATTS Y
$19781NNIFIUILNITAUNY ﬂa"nﬁaLﬁuﬂizmmmsmwaqﬁawawmé’qmiguwu
andgowinlannuluaisaurnvesnsm uandmiuridufiswssmaderlunisigafayeuny
wazylasuretaluwandinmsauny ifissdusemeluglsy loun @lnwesuaun alnu dSuaauazansty
prandnsfiiulsanaiigyidonfanduglafumetaluvandinisauny  osnanmseneneen  ue

£% '
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an1tuanunsnUsrauaudusalunsisganiinsduglasusstaluvalafinouasndnisaununasy
pgslsfiniy Tnsranuar masredurumsuuauadvaiatuneunsaunudditilugsetaluua
JuunazesawsdefinanunmaunuszduluuanntdninemanslulssimaAvesnuieessditod
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Note: Only countries and US-states displayed that have been awarded Nobel prizes more or equal lo the median (= T),

dnauvasnsaunuiazssialuafiinantndvermansdaislumaussiva [veyaind 1901-2024]
un: www.sciencedirect.com/science/article/pii/S0048733324001999#50035
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dwnsulud 2025 1 University of California (UC) faananseuaz@weiniilasussialuluasium

51998 dznaufsunumdAyretnniIne devesansys wasuandiiiuianuddyvesuaduayuain

[

FUIANalUNISNANAUIWITENIINGIPENS FUALATVIBVDIWNING e kaZAN 1T UITEN NN

[%
a v v

advayuate vhilvludagiu UC fiaanaisedlasusistaluvasin 75 s19da Snviadadumsausnlu
Useimansvesseialuvaniinanaiseisdauainaartuneinulasusisialudneadu Tud 2025 4 ¢
Susetalulua@snaulng HM. King Carl XVI Gustaf ladndusgradunianisiiieiui 10 suinau 2025 u

noUseyu Konserthuset njsananlaay Ussineaiiny

o

fEFUT9Talulua91n H.M. King Carl XVI Gustaf (121) ileTuil 10 $unmAn 2025 o neuUszau Konserthuset nysanenleay Ussivaaiiay
© Nobel Prize Outreach. Photo: Nanaka Adachi

nu:

List of Nobel laureates by country, https://en.wikipedia.org/wiki/List_of Nobel laureates by_country

List of American Nobel laureates, https://en.wikipedia.org/wiki/List of American Nobel laureates

UC wins 5 Nobel Prizes in 3 days — and sets a new world record, www.universityofcalifornia.edu/news/uc-wins-5-nobel-prizes-3-
days-and-sets-new-world-record

The Nobel “Pride” Phenomenon: An analysis of Nobel Prize discoveries and their recognition,
www.sciencedirect.com/science/article/pii/S0048733324001999#s0035
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2025 physics laureates: John Clarke, Michel H. Devoret and John M.
© Nobel Prize Outreach. Photo: Clément Morin

swdaluwaauniadnad 2025 duniseunuifsrtunamansmeudu gitlasusstalaun
Prof. John Clarke

University of California, Berkeley, USA

Prof. Michel H. Devoret

Yale University, New Haven, CT wag University of California, Santa Barbara, USA
Prof. John M. Martinis

University of California, Santa Barbara, USA

ﬁm%’umif;uwumsmqsim@mamauﬁﬂmsﬁuwmﬂ (macroscopic quantum mechanical
tunnelling) wazn1smoulvandasu (enerey quantisation) Twasaslvivi

foruddluidnafoszuviifivualvyiigamledediausauananiinssundenanioudla gla
Susetaluvaanidnaludilahnsvasosiuaseslwiiuanduiuiinmequudanameusiy
(quantum tunnelling) LLazizﬁUWéjﬂmuﬁgﬂmaﬂw% (quantised energy levels) Imzuuﬁﬁﬁumﬂimg

ne
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. R, RIS
D0 e T
...... *u,
@
When you throw a ball at a wall. you can be sure it will bounce Youwould be extremely surprised if the ball suddenly appeared on the
back atyou other side of the wall. In quantum mechanics this type of phenemenon

15 called tunnelling and is exacily the type of phenomenon that has
given it a reputation for being bizarre and unintuitive

©Johan Jarnestad/The Royal Swedish Academy of Sciences

=

melanamaninieudy ouMIAANITAAGDY mqﬂ"'}LLqué’qmu"LmychuﬂszmumiﬁL%EJﬂ'i'] “A19
nzquu (tunnelling)” oe14lsfina Lﬁaﬁaumm‘im’mmﬂLﬁi’ﬁmﬁm%aa NANTENULTIAIDUALINILANAY
auunudanelila ﬂﬁi?;uwuf:l,t,amﬂﬁt,ﬁudwamauﬁ’aL%amau&fummsaﬂﬁﬂgslﬁt,ﬁulﬁﬁﬂusyﬁuwmﬂ
(macroscopic scale)

Tul 1984 waz 1985 Prof. John Clarke 41389ngw, Prof. Michel H. Devoret YT uag Prof,

John M. Martinis %179W5du  lavinnnsvnaassnsiilesiuieasdiannseinaniasneainsiuingen

(superconductors) v3aianianusadinssualivilalagluinnuniuniy audseneuvesiitdenly

[
ISy [

1IIYPNAUMIBTURUIUUN B4L38n31 Josephson junction 19aslivtignaiuguuasnsivinnuaudions
= A = ‘da £ A ¥ '
azdealiiofnwusngmsuiinduilionseualnnlvanu
aunafiuszgiindouinnudnihisensumiudussuuiivanamginssusiduindusynianes
yalngseaunnnn uwsnssuullegluaniusiinssualivlnalaglufiusadulinn  wadlougnineynds
MUNINEU walun1meaes ssuuausangarIuiunsilaiasnansenananiuzauelian Fnsdu
laarnusedulningu

Silicon chip with
Microwave contact Copper tubing Josephson junction

Power connector

- I} —L
....................................... bos
................... | ’4}
Copper powder L ]
to filter out noise
10 mm

John Clarke, Michel Devoret and John Martinis constructed an experiment using a superconducting electrical circuit. The chip that held
this circuit was about a centimetre in size. Previously, tunnelling and energy quantisation had been studied in systems that had just a few
particles; here, these phenomena appeared in a quantum mechanical system with billions of Cooper pairs that filled the entire super-
conductor on the chig. In this way, the experiment took quantum mechanical effects from a microscopic scale to a macrescopic one

©Johan Jarnestad/The Royal Swedish Academy of Sciences
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‘] In a normal conductor, the electrons jostle
with each other and with the material.

2 When a material becomes a superconductor, the electrons
join up as pairs, Cooper pairs, and form a current where
there is no resistance. The gap in the illustration marks
the Jesephson junclion.

3 Cooper pairs can behave as if they were all a single particle that
fills the entire electrical circuit. Quantum mechanics describes this
collective state using a shared wave funchion. The properties of this
wave function play the leading role in the laureates’ experiment,

©Johan Jarnestad/The Royal Swedish Academy of Sciences

(%
[

nsaunuldauandbaiug ssuudainaniinginssuduluaunamansareusuessauysu g
WARIANYEYDINITAIRUMNG  (quantisation) FameANITTULIEARTUNSoUARENA I UlaaNIylY

USHUL UL U

Y v A

walulagareudunisilyiusgnnivhensudamesiululasiuaeuiiames s1eialuualud 2025 4

q

[

gidausyagnisiauinaluladateusugaluy 819  mswsiameudy  (quantum

o

= A > o
Jefiordunidn
cryptography) ARNNILABDIAIDUAL (quantum computers) LAy LYULYDIAIDUAL (quantum sensors)
¥ ¥ ::nl’ ¥ =3 ! a s o ! yo [ ! ! ~ ' ' gj ' a
Wunu nseunulivanddniuan Adnameusululadiinegualulanganiafinedludiumity wadadiaiy

6

drrgyesBamamaluladnidusingiuresgunsadiannselinaddviaadie vy

‘17;1.1’1:
Nobel Prize in Physics 2025, www.nobelprize.org/prizes/physics/2025/press-release/ Trio of physicists win Nobel Prize for
revealing ‘bizarre properties’ of the quantum world, www.cnn.com/2025/10/07/science/nobel-prize-physics-clarke-devoret-

D0

martinis-quantum-mechanics-intl

r -:
-
. E [ ] 3
2025 Nobel Prize lectures in physics w113 Nobel Prize 2025 gwnfl@nalu 1wl

www.youtube.com/watch?v=jTtT2jTF4Xc www.youtube.com/shorts/RLN9c4_p50M
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2025 medicine laureates: Fred Ramsdell, Mary E. Brunkow and Shimon Sakaguchi
© Nobel Prize Outreach. Photo: Clément Morin

v L3
a

s1ealuvaaiviniswnved 2025 Wdunisaunuiieatussuugiauiuvesuyse yilasusieialaun

U A q

Dr. Mary E. Brunkow

Institute for Systems Biology, Seattle, USA
Dr. Fred Ramsdell

Sonoma Biotherapeutics, San Francisco, USA
Prof. Shimon Sakaguchi

Osaka University, Osaka, Japan

v '
a v A

dmsunsAunuNeIveariu Peripheral immune tolerance Fudunalnvesszuugiauiunvimvund

q

v
a [y

muaukavvssiululngaagiauiulaufiwaansoilodevaesanenueanngasanaNNseuIuNg

q

central tolerance lunoulngda (thymus)

natnnN15UB9INUA2LB99B9519nN8E

lsanfinuiuwihatgnules (Autoimmune disease) @1unsaiinulaiiianalnUesiunanvessienie

9

=l i o

navtolin w3e waail (T cells) ¥URAUNG n1sAUNUvRItnINeImansnsauaulaI19sINgud1Agy

o
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dmsumsvhanulafednisuilanssuuginuiuaiunudiesla vSe Peripheral immune tolerance

(%
[

sudunguaddglunisianueilailuueeauiadulsagiauduihatsauesunswinlurusiauduy
Tudu
Wevasiuanuideniy s1emeasnereumiawaarinhauiaunilusieizinimaesmnieglunss

aniisenmaulnila N1unszuIuUNIs central tolerance

How T cells discover a virus ”
2 Al T cells have uniguely
1 An infected cell holds out a virus fragment shaped receptors
using the HLA protein complex. ==

: ® ¥
&% Virus f 4
T-cell {
e ] . receptor N ’. |
*
;r ®
®
- L =
*

*
%

-
-

‘.\
\ g
HLA S8 ‘ 3 When a T-cell receptor attaches to a virus
T fragment, the T cell is activated and alerts
i other immune cells that the body is under
Virus fragment '_..f attack.

© The Nobel Committee for Physiology or Medicine. Ill. Mattias Karlén

How harmful T cells are eliminated

T cells mature in the thymus, The ones that recognise the body's own proteins are sorted and removed,
This process is called central tolerance.

' - 1 Every T cell has a uniguely shaped T cell
f FECEpRT on its surface.

’\ ‘Q. 2 Special cells in the thymus hold out fragments
—_— of the boady’s own proteins to the T cells.

3 T cells that attach to parts of the

body's proteing are eliminated.
=
= £] T cells that pass the test go out
3 into the body to look for intruders.

Thymus cell ‘

f
Endogenous ’ ‘.

protein fragment

© The Nobel Committee for Physiology or Medicine. Ill. Mattias Karlén
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* Af 1995 nIsAUNUBNAUTWES Dr. Shimon Sakaguchi JagUudueansnansefifug

<9

=»

Immunology Frontier Research Center, Osaka University Usginadgjuu aunulgaaiinuiungui
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The experiment that inspired Sakaguchi

1 Sakaguchi removed the thymus from three-day-old mice.
These mice then developed autcimmune diseases.

. Oweractive
Lo " ;«.. _—

imnmune system

Mewborn I: Haalth
aalthy
., e —

2 If Sakaguchi injected the mice with mature
T cells from other mice. they were protected
from autgimmune diseases,

Healthy donor Mature T cells

© The Nobel Committee for Physiology or Medicine. Ill. Mattias Karlén

® p.A. 2001: Dr. Mary Brunkow ZadaqUuiduydanisiaseniseqlail Institute for Systems Biology,
Seattle $§20%eiu anigs AU Dr. Fred Ramsdell dsdagtudufivinwinuineirmansves
Sonoma Biotherapeutics, San Francisco $guaawasiily ansgs Aunun1Inaeiugilianiziateas
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Brunkow and Ramsdell find the scurfy mutation

The scurfy mutation causes a mutiny in the immune system. Brunkow and Ramsdell succeeded in narrowing down the area of the
mutation and locating it in the Foxp3 gene, which turned out to be decisive in the development of regulatory T cells.

© The Nobel Committee for Physiology or Medicine. Ill. Mattias Karlén
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fn:
Nobel Prize in Physiology or Medicine 2025, www.nobelprize.org/prizes/medicine/2025/press-release/

2025 Nobel Prize lectures in medicine LSITWIRI Nobel Prize 2025 @ n1sunngbu 1 wail
www.youtube.com/watch?v=NzZ-rlvdHo4d www.youtube.com/shorts/roAp9MdOKYc
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The 2025 chemistry laureates: Richard Robson, Omar M. Yaghi and Susumu Kitagawa
© Nobel Prize Outreach. Photo: Clément Morin

sre¥aluivaananaiid 2025 umsaunuiieatulaseielavedunsonio Metal-Organic Frameworks
(MOFs) élﬁlé/%’mwﬁalguﬁ

Prof. Susumu Kitagawa

Kyoto University, Japan

Prof. Richard Robson

University of Melbourne, Australia

Prof. Omar M. Yaghi

University of California, Berkeley, USA

TAs9v18lansdunss (MOFs) Aaayls?

=

MOFs  ludagudnifignsuignesnuuulussivluiana  lnefilasasninanensanselassasnanesy

(scaffolding) deumaiusenduszileu Tngasnsainnisilessuvedlansimuidugayuuiion
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Wesnmsisnsuiianusamvanvuakazamandala MOFs Fsgninluuszenalylunainvaleaiuive
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MOF-303

MIL-101

MOF-303 can capture water vapour from MIL-101 has gigantic cavilies. It has UiD=-47 can absorb PEAS from water,
desert air during the night. When the sun been used to catalyse the decomposition which makes it a promising material
heats up the material in the marning, of erude il and antibiotics in polluled for water treatment and the remaval of
potable water is released. water. It can also be used to store large pollutants,

quantities of hydregen or carbon dioxide.

CALF-20 NU-1501

ZIF-8 has been used experimentally for CALF-20 has an exceptional capacily to NU-1501 has been optimised to stere and
mining rare-earth elements from absorb carbon diexide, It is being tested release hydrogen at normal pressure.
wastewaler. in a factory in Canada. Hydrogen can be used to fuel vehicles, but

in ordinary high-pressure tanks the gas is
extremely explosive,

©Johan Jarnestad/The Royal Swedish Academy of Sciences

\Uoawdansaiun MOFs

MOFs Aofoenefinanidandsvoinissuiuvenaiisunsouazedunis wanisidounenuiedunio
waveduviowdulassasisiuseidovdudunnummeuianesd sunseiteaneneassy 1980 Prof.
Richard Robson @slnfuussdunialeanlassastavennes lapunuinasnsaasnddassasadananialag
Toloseunosunadounafulnanalulasasunsdmn  Tassassiilafisnsuesdussdovunfineuns

wazwananelanaie
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C0|I'J-p2l ion Nitrile

Figure 2. Richard Robson was inspired by the structure of diamond, in which every carbon atom is linked to four others in a pyramid-
like shape. Rather than carbon, he used copper ions and a molecule with four arms, each with a nitrile at the end. This is a chemical
compound that is attracted lo copper ions. When the substances were combined, they formed an ordered and very spacious crystal.

©Johan Jarnestad/The Royal Swedish Academy of Sciences

Aou1 Prof. Susumu Kitagawa Way Prof. Omar M. Yaghi laAnaudsnisasialassunendainumu
mungan1dnenssy Faihlugnisleauase lurimunaissy 1990 Prof. Susumu Kitagawa taeenwuy
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Tugnaaieaiu Prof. Omar M. Yaghi fivhenuiienfiunseasns MOFs fiflannueaesiyuiu lud
1995 Prof. Omar M. Yaghi $1841un15&804A51% MOF GdﬁmLLiﬂﬁiaaauIamgﬂL%am’{';aé’hL%auméuaﬂ%
anfifivszy Tnsidonuuamienisdansizin “infilasswns (Reticular chemistry)” uaglaasna MOFs fifls
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Sun3elaaaun (Covalent organic frameworks: COFs) Wwagunuwid1dnylun1sdn MOFs oongues
UFTRNS nenesufjiRinnsues Prof. Omar M. Yaghi lausnanviesniduuismilermaluladlulyluds
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Figure 3. In 1997, Kitagawa succeeded in creating a Channsl
metal-organic framework that was intersected by open
channels. These could be filled with different types of

gas. The material could release these gases without its

structure being affected.

Flexible MOF Q ) Q . °

/T @

llf_{uﬂ@{{'f!’ Q

/e @
Figure 4. In 1998, Kitagawa proposed that metal-organic o o o o

frameworks could be made llexible. There are now

numerous flexible MOFs which can change shape, for o o
example when they are filled or emptied of various o
substances.

Figure 5. In 1999, Yaghi constructed a very stable material. MOF-5, which has cubic spaces. Just a couple of grams can hold an area
as big as a football pitch.

©Johan Jarnestad/The Royal Swedish Academy of Sciences
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Figure 4. In the early 2000s. Yaghi showed that it is possible to produce entire families of MOF materials. He varied the molecular links,
which resulted in materials with different properties. These include 16 variants of MOF-5, with cavities of various sizes.

©Johan Jarnestad/The Royal Swedish Academy of Sciences

17;3.1’]:
Nobel Prize in Chemistry 2025, www.nobelprize.org/prizes/chemistry/2025/press-release/

The 2025 chemistry Nobel goes to MOFs, https://cen.acs.org/people/nobel-prize/The-2025-chemistry-Nobel-goes-to-
MOFs/103/web/2025/10

2025 Nobel Prize lectures in chemistry L{llﬂﬁ] Nobel Prize 2025 @1v1tadily 1 w1l
www.youtube.com/watch?v=7kwdw3mup2A www.youtube.com/shorts/MhUolnNztTo
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