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MavemoTtiuio KpAtng

KaAwonpBare oro SixTtvaxkd pag romo

e To MN.K. €xeL 16N dSnuloupynoeL pa peyain nopadoon
£EQLPETIKNC TTOVETILOTNLAKAC SLdaokaAlac Ttou ocuvodeveTal
LLE ONMOVTLKA EPEVVNTIKA ATTOTEAECHOTAL.

* OLdlakpioelc tou M.K. miotomotlovvtat arno dlebvelg
OPYOVLOMOUG KOl ETILTPOTIEG TTOU alELOAOYOUV TNV TTOPOXN
Navenotnulakng Ekmaidevong kat tn dte€aywyn €peuvog
aro ta TuRpata tpLrtofaduloc eknoildevong o€ MAYKOGCLLLO
enimedo.

* MoAAol amo touc amodoitouc pag akoAouBouv NEN Aaumpn
Akadnuaikn mopeia o€ OAO TOV KOOUO EVW N UEYAAN
nAsloPndia Twv uTIOAOLITWV EXEL ML EEALPETIKA
emayyeALaTkn dpaotnplotnta.
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KaAwonpOare 010 BIkTUaKkd pac 16mwo - G Cl ?

* To MN.K. Aettoupyei pe moAAEC o pAAANAEC
dpaotnplotntec (oepwvapla, Beplva oxoAela, AVOLKTEC
SLaAe€elc, cuvedpLa) TTOU lvall OAEC TOUC OVOLYXTEC
oTouC doLTNTEC.

* To MN.K. evBappuvel tTnv avtaroyn ¢oLtntwyv LECW ToU
Mpoypappoto¢ Erasmus rov oag divel tn duvatotnta
Bpaxuxpoviog nopakoAovBnonc padbnuatwy o aAla
MNoavernotnuia tng Evpwrnnc.

e 210 MavemnotApLo AettoupyoUV TTOAAEC TIOALTLOTIKEG
opadec Kol Eva TANPwWC EEOTALOUEVO CUYXPOVO
f'upvaothnplo-KoAvpuBntnplo
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Hidektpovikée Ynnpeolze
ExnaiBeutikot Mpoowmxod

ClassWeb

>

H Eoappoyn StudentsWEB &gt w¢ oTdye v
apeon sEurnpETnon Twv @oITnTuy Sivovrag
TOUC TN SuvaTdTnTa TPOoRaoN< PEow ToU
SiabikTlou ot HIGYOPEC UTIMPEDIEC TNC
Mpapparsiac.

H soapuoyn Paoieral oTnv TeRvoAoyia Tou
Computer Telephony Integration (CTI) rj omroia
amoTEASiTal amo pia oEpd GANWY TEXVOAOYILV
TTOU EMTPETOUV OTOUC XPriOTEC Ya
amonkedouy, avakTouy Ko va diaysipifovial
TANpo@opicc Baoswy dedopiviy pEaw Tou
AspwvIKeU SikTiou.

Egappoyr umooTRpiEng Tou ekTaiBeuTikou
TpoowmKoU oTo BiSakTikd Tou £pyo péow
Siabikrlou.
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A=IOAOIMHzH TQN NANENIZTHMIQN

AZIOAONHIN TON NANENIETHMION ME BATH TO EPEYNHTIKO TOYI EPIO

THN NE 2TIA 2002-2006
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TA NEAonlne

H KpnTn oTnVv naykoouia AiT

To Texvohoyikd IvoTiTouTo The Kahipopviac Eengpace To XapPapvT oTn AioTa PE Ta KAAUTEPA
navenioThAMIA

Anuocieuor: 07 Okt. 2011 08:00

>Ta DKTLIJ ¥povia nou ol «Taiug Tou Aovdivou» dnuogiglouVv TNV KATaTagn TWV nuvamo'rnulmv
Tou chuou otnv e1dikn ekdoon «Times Higher Education», To XapBapvT gpxoTav npm‘ro ®eTOC
Ta npuvpum GMGEUV ZTNV KaTtaTtagn nou EUEanE xBec oTn AnUOCIOTNTA TO YVWOTOTEPO I0WG
NavenioTAHIO TOU KOCHOoU unoUKEMD‘rnKE anoé To TexvoAoyiko IvaTiTouTo NG KG)\I{prUIﬂq
(Caltech), To onoio nupoumana auEncn 16% oTic enevdUCEIC TOU aTov Todea TG epeuvac. Kata
Ta aAAa, To MNavenioTAuio TAc KpATNE gival To povadiko eAANVIKO avwTaTo ekNaAIdOEUTIKO idpupa
nou nEpmudevETul (pETOC oTOV kaTtaAloyo (oTic Boeic 276-300 ano Tic 401-450 nepuat). ZTov

#% H xotdraén g éxooonc «Times Higher Education» Aaufdvel vroyn ditdpopovg
TOPAYOVTEC Y10 TNV aEI0AOYNGT TOV TAVETIGTNUIOV, O]
® épevva,
xpnpoTodoTyo,
TOL0THTO OLOOKTIKOD TPOCOTIKOV,
01£0veic opaoTpIroTRTES KAl
ONUOGIEVOELS OE EMOTHUOVIKI TTEPLOOIKA UE KPITES.

ELN L L L

http://www.timeshighereducation.co.uk/world-university-rankings/2013-14/world-ranking/range/301-350
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Aberystwyth University United Kingdom Data withheld by THE
University of Antwerp Belgium Data withheld by THE
Autonomous University of Madrid | Spain Crata withheld by THE
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Country Documents dc::ct?nbel;ts Citations Self-Citations cgzzfr:zsfr H index
1 &I United Kingdom 2.141.375 1.932.907 37.450.384 8.829.739 19,82 934
2 [¥8 Germany 1.983.270 1.876.342 30.644.118 7.966.777 17,39 815
3 [0 France 1.421.190 1.348.769 21.193.343 4.815.333 16,85 742
4 01 Italy 1.083.546 1.015.410 15.317.599 3.570.431 16,45 654
5 == Spain 857.158 800.214 10.584.940 2.629.669 15,08 531
6 == Netherlands 614.552 574.144 12.103.482 2.003.644 23,03 636
7 [E3 Switzerland 445.163 419.372 9.238.679 1.261.471 24,53 629
8 E= Sweden 417.156 397.095 8.069.960 1.267.282 21,76 567
9 01 Belgium 335.160 316.462 5.658.300 820.146 19,68 502
10 = Austria 241.610 227.014 3.668.207 505.720 18,04 416
11 g= Denmark 234.852 221.544 4.653.794 670.279 23,38 476
12 += Finland 212.195 204.004 3.677.439 583.752 19,94 407
13 5 Greece) 203.437 190.628 2.254.244 383.567 13,40 295
14 {i= Norway 183.463 172.258 2.802.491 452.749 18,83 362
15 [Ell Portugal 164.769 157.282 1.696.543 337.555 14,10 269
16 [ 1 Ireland 119.983 111.434 1.647.369 196.295 17,85 299
17 Cyprus 12.652 11.923 107.432 13.360 13,97 100
18 &= Iceland 12.399 11.649 245.501 23.667 25,76 181
19 == Luxembourg 8.573 8.073 70.588 7.002 13,94 92
20 ' N Malta 3.157 2.928 26.894 2.038 13,52 70
21 ™= Monaco 1.316 1.212 20.876 2.619 19,00 64
2?2 Bl | iechtenstein 966 923 9.597 819 13 41 44



SJR International Science Ranking Data - 2013
Source:

http://www.scimagojr.com

Citable Citations per

Country Documents documents Citations Self-Citations E— H index
1 BE5 United States 7.846.972 7.281.575 152.984.430 72.993.120 22,02 1.518
2 [@l China 3.129.719 3.095.159 14.752.062 8.022.637 6,81 436
3 EiS United Kingdom 2.141.375 1.932.907 37.450.384 8.829.739 19,82 934
4 [ Germany 1.983.270 1.876.342 30.644.118 7.966.777 17,39 815
5 e Japan 1.929.402 1.874.277 23.633.462 6.832.173 13,01 694
6 [ HFrance 1.421.190 1.348.769 21.193.343 4.815.333 16,85 742
7 [+l Canada 1.110.886 1.040.413 18.826.873 3.580.695 20,05 725
8 [ 1 Italy 1.083.546 1.015.410 15.317.599 3.570.431 16,45 654
9 == India 868.719 825.025 5.666.045 1.957.907 8,83 341
10 == Spain 857.158 800.214 10.584.940 2.629.669 15,08 531
11 B3 Australia 782.149 723.460 11.447.009 2.449.459 18,24 583
12 s South Korea 658.602 642.983 5.770.844 1.281.366 11,49 375
13 1= Russian Federation 639.598 629.671 3.664.726 1.088.981 6,00 355
14 = Netherlands 614.552 574.144 12.103.482 2.003.644 23,03 636
15 Brazil 529.841 510.194 4.164.813 1.415.014 10,98 342
16 =] Taiwan 446.282 434.662 3.993.380 930.383 11,35 300
17 [E3 Switzerland 445.163 419.372 9.238.679 1.261.471 24,53 629
18 E= Sweden 417.156 397.095 8.069.960 1.267.282 21,76 567
19 1mm Poland 387.982 378.483 2.939.536 768.212 8,93 336
20 Turkey 348.836 330.411 2.417.631 624.695 9,07 237
21 0 0 Belgium 335.160 316.462 5.658.300 820.146 19,68 502
22 =] lIsrael 247.561 234.696 4.346.150 607.046 19,29 456
23 = Iran 245.221 238.554 1.135.790 445.205 9,15 158
24 = Austria 241.610 227.014 3.668.207 505.720 18,04 416
25 E3 Denmark 234.852 221.544 4.653.794 670.279 23,38 476
26 inland 212.195 204.004 3.677.439 583.752 19,94 407
27 i= Greece 203.437 190.628 2.254.244 383.567 13,40 295
28 [} Mexico 188.449 181.539 1.642.228 350.720 10,91 261
29 | Czech Republic 185.849 180.816 1.550.054 372.370 10,09 268

30 {i= Norway 183.463 172.258 2.802.491 452.749 18,83 362
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Population 4] Date of estimate 4
1,341,000,000
1,195,320,000

December 31, 2010
March 16, 2011
March 16, 2011

May 2010
August 1, 2010
March 16, 2011

2010

March 16, 2011
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February 1, 2011
June 12, 2010
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April 1, 2010

December 31, 2009
March 16, 2011
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2010
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2010

December 1, 2009
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% of World population 4
19.42%
17.3%
4.5%
3.44%
2.76%
2.54%
2.29%
2.18%
2.05%
1.84%
1.63%
1.36%
1.26%
1.18%
1.16%
1.15%
1.09%
1.07%
0.98%
0.97%

0.95%

0.89%
0.16%



Science, technology, innovation and entrepreneurship: - 1)
2009, the year of creativity and innovation

Figure 1.8: Gross domestic expenditure on research and development, 2006 (1)
(% share of GDP)
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(1) Ireland, Austria, Slovakia and Finland, 2007; Italy, Iceland and Japan, 2005; Switzerland, 2004; EU-27, estimate.
Source: Eurostat (tsiirQ020)
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- Science, technology, innovation and entrepreneurship
2009, the year of creativity and innovation

Figure 1.28: Patent applications to the European Patent Office (EPO), 2005 (1)
(applications per million inhabitants)
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(1) Data refer to applications filed directly under the European Patent Convention or to applications filed under the Patent Co-
operation Treaty and designated to the EPO (Euro-PCT). For patent applications to the EPO all direct applications (EPO-direct) are
taken into account, but among the PCT applications (applications following the procedure laid down by the PCT) made to the EFO
only those that have entered into the regional phase are counted. Patent applications are counted according to the year in which they

were filed. Estimates.

Source: Eurostat (pat_ep_nipc)
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Figure 1.18: Summary Innovation Index (Sll), 2003 and 2007 (1)
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{1) The Summary Innovation Index gives an ‘at a glance’ overview of aggregate national innovation performance and is a composite
indicator of 25 measures. The Sl can range from 0 (worst performance) to 1 (best performance). Countries are categorised as either
innovation leaders, innovation followers, moderate innovators or catching-up countries.

Source: European Commission, Directorate-General for Enterprise and Industry (European Innovation Scoreboard, 2007 -
Comparative analysis of innovation performance)

Figure 1.19: Evolution of the Summary Innovation Index (Sll)
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\) The Global Competitiveness Report
://

2009-2010*

* H xwpa pag kataraocoeTal

— 75n (a1mdé ta 133 KpdATtn) oTn dIKACTIKI AVECAPTNOIA, dnAadr aTo KaTd
TTOO0V 01 OIKAOTEC ATTOPACiCoUV EAEUBEPA KAl XWPIC TTONITIKES ETTIPPOEC

* TTOU Onuaivel 0TI oucIacoTIKA dev UTTAPXEI DIAKPIOT TWV EEOUTIWV

— 93n 6cov agopd Tn diagavela Kata Tn AqEn Twv KUBEPVNTIKWYV
ATTOPACEWV

* TTOU ONMAiVEl ATTAWC OTI UTTAPXEI ATTIOTEUTN d10PBopa
— 80n 6oov agopd TN ouvoAikr atroédoaon TNG ACTUVONIOG

* TTOU ONMAiVEl EVTOVEC KATAXPNOEIC KATA TNV £€QAPPOYN TOU VOUOU Kal
TTapafioon Twv ATOPIKWY dIKAIWPATWV!

— 107n 6€0on yia TN @oBepr) OTTATAAN TTOU UPICTATAI OTIC
KUBEPVNTIKEG- KAl OUVOAIKOTEPA OTIC ONUOCIEG- DATTAVEC,

» To kOOoTOC TNG YpageiokpaTiag otnv EANGDa exTiparal o1o 6,8% Tou AETT,
dnAadn trepi Ta 14 dI0. eupw

* http://www.weforum.org/pdf/GCR09/GCR20092010fullreport.pdf

OkTwpplog 14 18



T1 gival Xnueia;

o XnMeia gival pia (wTIKA €TTIOTAMN, OgpeAILONG
VIO OAEC TIC AAAEC ETTIOTAMES
— BioAoyia,
— Quoikn,
— lartpikn,

— EmotAun kal TexvoAoyia YAIKWY Kal TR aUyxXpovn
TEXVOAOYia

5 H Xnpeia sivar évac Tpomog (okéyng) epunveiac Tou UAIKoU pag
KOOHOU

OkTwpplog 14 FENIKH XHMEIA - NMANEMIZTHMIO KPHTHZ - TMHMA XHMEIAX 19



MavemoTtipio KpAtng

TMHMA XHMEIAZ :

Kalwonipbare oro Sixtvaxd pag témo. v ¢

@ H emotnun mg Xnueiag amoteAel pia OepeAioon mapaywykrn dSvaun otnyv
OTKOVOUIKN KAl Propnyavikr) avamtudn pag xwpag.

@ H emtuyia g Xnueiag otnv vAOIOINoN AVTOV T®V OTOX®V EAPTATAL O UEYAAO
BaOuo:

@ QIO TNV JTAPEYXOUEVT] EKTAISEVOT] KA TNV EPEVVITIKT) SpACTNPIOTNTA TTOV CUVTEAOVVTAL OTA
[TavemoTtnua kat o ToAA AAAA Tapep@ept) 18ptpata

@ QIO TA OPAUATA TOV SACKAA®VY KAl TOV EPELVITMV IOV £XOLV APlEPwOETL 0TV S1evpuvon kat
S1a8o0m TG yvwong

@ QIO TNV €PAPUOYT| TG YVOONG Le EVA KATVOTOUO, TTAPAYWYIKO KAl WQEALO TPOIIO
@ QIO TNV APUOVIKI) OLUVEPYATIA KAl TN 7Tpoduurn ocuumapAoTact) Tov KPATOUG

@ 1 auoifaia 1oYLVPOTTOINOT) TNC XTNUIKNG eKTAISEVOTC KAl TNC XTUIKNG EPEVVAG UITOPEL
VA TIPOOPEPEL ONUAVTIKEG KatvoTopieg tov Oa virootnpidovv TNV KAADTEPT TO10TNTA
(w1, Oa tpootatevovy TN dnuooia vyeia kat 1o eP1Pariov.




MavemoTtipio KpAtng

TMHMA XHMEIAZ :

Kalwonipbare oro Sixtuaxd pag 1émo. v @

MeTanTulakeg Xaovdeg

» To IIpoypauua Metamtuylakwv Zmovdmv tov Tunuatog Xnueiag mpoo@epel VPNATG
JTOL0TNTAG UETATITUYIAKT] EKTTALOEVOT], TTOV 001 YEL 0€ ATOKTNOT eite METAMTUYIAKOU
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The Nobel Prize in Physiology or Medicine 1998
Robert F. Furchgott, Louis J. Ignarro, Ferid Murad

The Nobel Prize in Physiology or Medicine 1998
Nobel Prize Award Ceremony
Robert F. Furchgott

Louis J. Ignarro

Fend Murad

Robert F. Furchgott  Louis J Igna}ro Ferid Murad

The Nobel Prize in Physiology or Medicine 1998 was awarded jointly to Robert F.
Furchgott, Louis J. Ignarro and Ferid Murad “for their discoveries concerning nitric
oxide as a signalling molecule in the cardiovascular system”.



“Nitric oxide (NO) is a gas that transmits signals in the
organism.

— Signal transmission by a gas that is produced by one cell,
penetrates through membranes and regulates the function of
another cell.

 Robert F. Furchgott, pharmacologist in New York, studied the effect of
drugs on blood vessels but often achieved contradictory results.
+ The same drug sometimes caused a contraction and at other occasions a dilatation.

» Furchgott wondered if the variation could depend on whether the surface cells (the
endothelium) inside the blood vessels were intact or damaged.

* In 1980, he demonstrated in an ingenious experiment that acetylcholine dilated
blood vessels only if the endothelium was intact.
— He concluded that blood vessels are dilated because the endothelial cells

produce an unknown signal molecule that makes vascular smooth muscle
cells relax.

— He called this signal molecule EDRF, the Endothelium-Derived Relaxing Factor,
and his findings led to a quest to identify the factor.



7

1

— Ferid Murad, MD and pharmacologist now in Houston,

- analyzed how nitroglycerin and related vasodilating o
compounds act and discovered in 1977 that they release nitric
oxide, which relaxes smooth muscle cells.

« He was fascinated by the concept that a gas could regulate
Important cellular functions and speculated that endogenous
factors such as hormones might also act through NO.
However, there was no experimental evidence to support this
Idea at the time.

— Louis J. Ignarro, pharmacologist in Los Angeles, participated
In the quest for EDRF's chemical nature.
« He performed a brilliant series of analyses and concluded in

1986, together with and independently of Robert Furchgott, that
EDRF was identical to NO.

« The problem was solved and Furchgott's endothelial factor
identified.




The cooperativity of nitric oxide hemoglobin ligand exchange in single

crystals as studied by EPR®

D.C. Doetschman,” A. K. Rizos, and J. Szumowski
Department of Chemistry, The State University of New York, Binghamton, New York 13901

(Received 12 January 1984; accepted 20 April 1984)

Single crystals of human oxyhemoglobin are exposed to aqueous solutions of nitric oxide at pH 6.7
and 6 °C. The EPR spectrum of crystals at 85-100 K selected after various times of exposure to
NO are recorded. The intensities of the alpha and beta subunits are determined from the ¢ axis
spectrum of the crystal. With NO in stoichiometric excess, crystals sampled early (3—200 min)
display the EPR of molecules with NO bound to an average of two alpha and one beta subunit.
The NO diffuses into the crystals with a diffusion rate constant of 1.5 X 10~° cm? s~ '.The NO
binds to the last beta subunit at a rate of 5.1 X 107 °s ™.

3NaNO, + H,0—2NO + NaNO, + ZNaOH (1) L DL L
assumed for the NO generation. Since the NO solubility in

MIN
water at 4 °C is around 3-4 10 * M, the sealed vials of /\,_J\f
solution with the 3.3 10* mol ratio are saturated in NO. 30
The initial NO concentration is 4.2 X 107* M in the 6.7 mol
ratio solution and it is probably also saturated. 240

A typical spectrum from the series with a mole ratio of
3.3 10* after a 72 h exposure is shown in Fig. 1. Each spec-
trum was fit by the derivative dI /dH of a spectrum intensity 480
1620
d 3 1 1
dl /dH =
fg' m?":z; -1 m{"'é -1 2880
[SifAHrj] [H - Hl + A }-Iﬂm}\lﬂ + A :Ihm]!m 5760

7

function J with respect to the field H. Equation (2] gives the
expression for the derivative df /dH.

<=-H-npZmA4 Z —

7

« 5 [H-H, 4+ ANOMNO 4 ghisyg ‘;’“‘]1]
exp { — AH, ‘

[2} IR S T N N R SO ST T Y T TR
The spectrum intensity function itself /, comprises three c- 3100 3200 3300 3400
axis spectra: the alpha NO subunit spectrum, the beta NO H (GAUSS)

subunit spectrum, and an unrelated background line. Each 7IG. 3. The experimental and fitted single-crystal NO hemoglobin EPR



OkTwRplog 14

John B. Fenn

1/4 of the
prize

USA

Virginia
Commonwealth
University
Richmond, VA,
USA

b. 1917

Koichi Tanaka

1/4 of the
prize

Japan

Shimadzu Corp.
Kyoto, Japan

b. 1959

Kurt Waothrich

1/2 of the
prize

Switzerland

Eidgengssische
Technische
Hochschule (Swiss
Federal Institute of
Technology)
Zurich,
Switzerland; The
Scripps Research
Institute

La Jolla, CA, USA

b. 1938

“for their development of soft
desorption ionization methods for
mass spectrometric analyses of
biological macromolecules”

“for his development of Nuclear
Magnetic Resonance spectroscopy
for determining the three-dimensional
structure of biological
macromolecules in solution”

31



«Biological macromolecules are the main actors in the makeup of life
whether expressed in prospering diversity or in threatening disease.

To understand biology and medicine at molecular level where the identity,
functional characteristics, structural architecture and specific interactions of
biomolecules are the basis of life, we need to visualize the activity and
Interplay of large macromolecules such as proteins.

To study, or analyze, the protein molecules, principles for their separation
and determination of their individual characteristics had to be developed.

Two of the most important chemical techniques used today for the analysis
of biomolecules are mass spectrometry (MS) and nuclear magnetic
resonance (NMR), the subjects of this year s Nobel Prize award. »



The Nobel Prize in Medicine 2003

Paul C. Lauterbur
1/2 of the prize
USA

University of Illinois
Urbana, IL, USA

b. 1929

Sir Peter Mansfield
1/2 of the prize

United Kingdom

University of Nottingham,
School of Physics and
Astronomy

Nottingham, United Kingdom

b. 1933

>

""for their discoveries concerning magnetic resonance imaging"'

Imaging of human internal organs with exact
and non-invasive methods is very important for
medical diagnosis, treatment and follow-up.

This year's Nobel Laureates in Physiology or
Medicine have made seminal discoveries
concerning the use of magnetic resonance to
visualize different structures.

These discoveries have led to the development
of modern magnetic resonance imaging, MR,
which represents a breakthrough in medical
diagnostics and research.



"for the discovery of
water channels"

Peter Agre

1/2 of the prize
USA

Johns Hopkins University
School of Medicine

Baltimore, MD, USA

"for structural and mechanistic
studies of ion channels"

Roderick MacKinnon
1/2 of the prize

) / p

USA

Rockefeller
University, Howard
Hughes Medical
Institute

New York, NY, USA

The Nobel Prize in Chemistry 2003

Q

"for discoveries concerning channels in cell membranes"

We human beings consist to about
70% of salt water.

This year's Nobel Prize in Chemistry
rewards two scientists whose
discoveries have clarified how salts
(ions) and water are transported out
of and into the cells of the body.

The discoveries have afforded us a
fundamental molecular understanding
of how, for example, the kidneys
recover water from primary urine
and how the electrical signals in our
nerve cells are generated and
propagated.

This is of great importance for our
understanding of many diseases of e.g.
the kidneys, heart, muscles and
nervous system.



The Nobel Prize in Chemistry 2004

Photo: D. Porges Photo: D. Porges
Aaron Ciechanover Avram Hershko

Irwin Rose

Prize share: 1/3
Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Chemistry 2004 was awarded jointly to Aaron
Ciechanover, Avram Hershko and Irwin Rose "for the discovery of
ubiquitin-mediated protein degradation”.

Proteins build up all living
things: plants, animals and
therefore us humans.

— In the past few decades
biochemistry has come a long
way towards explaining how the
cell produces all its various
proteins.

But as to the breaking down of
proteins, not so many
researchers were interested.

Ciechanover, Hershko and
Rose went against the stream
and at the beginning of the
1980s discovered one of the
cell's most important cyclical
processes, regulated protein
degradation.

— For this, they are being
rewarded with this year's Nobel
Prize in Chemistry.
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“for the development of
the metathesis method
in organic synthesis"

Yves
hauvin

1/3 of
the prize

France

Institut
Frangais du
Pétrole
Rueil-
Mzlmaison,
France

b. 1930

Robert H.
@rubbs

1/3 of
the prize

UsSA

California
Institute of
Technology
{Caltach)
Pasadena,
CA, USA

b. 1342

Richard R.
“rhrock

1/3 of
the prize

UsA

Massachuset
t= Institute
of
Technology
(MIT)
Cambridge,
MA, USA

b. 1345

Nobel Prize in Chemistry 2005

H epappoyn me nebodoov
oTN YNWKN Prounyoavia
LLEIMGE TO KOGTOC KOl TN
PUTTOVGT] KU1 EMTAEOV
00N YNGE GT1) ONLLOVPYio.
VEMV LLOPIOV Y10 ¥PNON
GTN POPUAKEVTIKN
Brounyovia Kot ™
Brounyovia TAasTIKOV
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THE ROYAL SWEDISH ACADEMY OF SCIENCES

A “for his studies of the
molecular basis of
eukaryotic
transcription *

Roger Kornberg

Stanford University,
CA4, USA
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The Nobel Prize in Chemistry

_-]

2006

In order for our bodies to make use of
the information stored in the genes. a
copy must first be made and transferred
to the outer parts of the cells.

There it 1s used as an instruction for
protein production — 1t 1s the proteins
that in their turn actually construct the
organism and 1its function. The copying
process 1s called transcription.

Roger Kornberg was the first to create
an actual picture of how transcription
works at a molecular level 1n the
important group of organisms called
eukaryotes (organisms whose cells have
a well-defined nucleus).

Mammals like ourselves are imcluded 1n

this group. as 1s ordinary yeast.

37



The Nobel Prize in Chemistry
2006
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THE ROTAL SWEDISH ACADEMY OF SCIENCES

Forty-seven years ago. the then
twelve-year-old Roger Kornberg
came to Stockholm to see his father.
Arthur Kornberg, receive the Nobel
Prize in Physiology or Medicine
(1959) for his studies of how genetic
information is transferred from one
DNA-moleciile to another.

What Roger Kornberg himself has
now done 1s to describe how the
oenetic information is copied from
DNA into what is called messenger-
RNA.

The messenger-RNA carries the
information out of the cell nucleus so
that it can be used to construct the
proteins.

OkTwpplog 14

Kornberg's contribution has
culminated in his creation of detailed
crystallographic pictures describing
the transcription apparatus in full
action in a eukaryotic cell.

In his pictures (all of them created
since 2000) we can see the new RNA-
strand gradually developing. as well
as the role of several other molecules
necessary for the transcription
process.

The pictures are so detailed that
separate atoms can be distinguished
and this makes it possible to
understand the mechanisms of
transcription and how it is regulated.
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"for the discovery and development of the green fluorescent

protein, GFP

Photo: U. Montan Photo: U. Montan
Osamu Shimomura Martin Chalfie
2 1/3 of the prize & 1/3 of the prize

USA

Marine Biological

USA

Columbia University

Laboratory (MBL) New York, NY, USA

Woods Hole, MA,

USA;

Boston University Medical

School

Massachusetts, MA, USA

b. 1928

b. 1947

OkTwpplog 14

Roger Y. Tsien

P 1/3 of the prize
USA

University of California
San Diego, CA, USA;

Howard Hughes Medical
Institute

b. 1952

Glowing proteins If

. weo i )
A guiding star for Biochemistry .“Lk\

The remarkable brightly glowing green
fluorescent protein, GFP, was first
observed in the beautiful jellyfish,
Aequorea victoria in 1962.

With the aid of GFP, researchers have
developed ways to watch processes
that were previously invisible, such as
the development of nerve cells in the
brain or how cancer cells spread.

By using DNA technology,
researchers can now connect GFP to
other interesting, but otherwise
invisible, proteins.

This glowing marker allows them to
watch the movements, positions and
interactions of the tagged proteins.
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% The Nobel Prize in Chemistry 2009

“for studies of the structure and function of the ribosome"

’lg

|

Photo: MRC Laboratory of
Molecular Biology

Venkatraman
Ramakrishnan

© 1/3 of the prize
United Kingdom
MRC Laboratory of
Molecular Biology
Cambridge, United
Kingdom

b. 1952

Credits: Michael Marsiand/Yale

Universit

Thomas A. Steitz

& 1/3 of the prize

USA

Yale University

New Haven, CT, USA;
Howard Hughes Medical

Institute

b. 1940

OxTwpRpIog 14

Credits: Micheline
Peletier/Corbis

Ada E. Yonath

® 1/3 of the prize
Israel
Weizmann Institute of

Science
Rehovot, Israel

b. 1939

How does life function from a chemical point of view?

Ribosomes exist in all cells in all
living organisms, from bacteria to
human beings.

As no living creature can survive
without ribosomes, they are the
perfect targets for drugs.

— Many of today’s antibiotics attack the
ribosomes of bacteria, but leave those of
humans alone.

The knowledge that this year's Nobel
Laureates provide us with can thus
be of substantial value for the
development of new antibiotics.
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The key to life at the atomic level

At the beginning of the twentieth century, the chemical foundations for life were a mystery. Today
we know how many of the most important processes function, all the way down to the atomic level.
The 2009 Nobel Prize in Chemistry is awarded for the detailed mapping of the ribosome - the cell’s
own protein factory. The ribosome translates the passive DNA information into form and function.

The general theory of evolution, which was published by Charles Darwin in 1859, is based on

the assumption that an organism’s properties are hereditary and that, every now and then,
random changes occur. Successful changes, which increase the chances of survival of the
organism in question, are thus carried forward to future generations.

When the scientific community had digested Darwin’s thoughts, some new questions arose:
what exactly is being transferred over generations, where do the random changes occur, and
how can they manifest themselves in a living organism?
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The Nobel Prize in Chemistry 2010

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Chemistry for 2010 to

Richard F. Heck Ei-ichi Negishi and Akira Suzuki
University of Delaware, Newark, DE, USA, Purdue University, West Lafayette, Hokkaido University, Sapporo,
IN, USA Japan

“for palladium-catalyzed cross couplings in organic synthesis”.

Great art in a test tube

Organic chemistry has developed into an art form
where scientists produce marvelous chemical crea-
tions in their test tubes. Mankind benefits from this in
the form of medicines, ever-more precise electronics
and advanced technological materials. The Nobel
Prize in Chemistry 2010 awards one of the most
sophisticated tools available to chemists today.

Photo: U. Montar 0 Montat Photo: U. Monta
Richard F. Heck Ei-ichi Negishi Akira Suzuki




The Nobel Prize in Chemistry 2010

Carbon-based (organic) chemistry is the basis of life and
is responsible for numerous fascinating natural pheno-
mena: colour in tlowers, snake poison and bacteria killing
substances such as penicillin. Organic chemistry has allo-
wed man to build on nature’s chemistry; making use ot
carbon’s ability to provide a stable skeleton for tunctional
molecules. This has given mankind new medicines and
revolutionary materials such as plastics.

In order to create these complex chemicals, chemists

need to be able to join carbon atoms together. However,
carbon is stable and carbon atoms do not easily react with
one another. The first methods used by chemists to bind

carbon atoms together were theretore based upon various
techniques for rendering carbon more reactive. Such met-



The Nobel Prize in Chemistry 2010

hods worked when creating simple molecules, but when
synthesizing more complex molecules chemists ended up
with too many unwanted by-products in their test tubes.

Palladium-catalyzed cross coupling solved that problem
and provided chemists with a more precise and efficient
tool to work with. In the Heck reaction, Negishi reaction
and Suzuki reaction, carbon atoms meet on a palladium
atom, whereupon their proximity to one another kick-

starts the chemical reaction.

Palladium-catalyzed cross coupling is used in research
worldwide, as well as in the commercial production of
for example pharmaceuticals and molecules used in the
clectronics industry.
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Press release
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The Nobel Prize in Chemistry 2011

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Chemistry for 2011 to

Daniel Shechtman

Technion - Israel Institute of Technology, Haifa, Israel

“for the discovery of quasicrystals”.

A remarkable mosaic of atoms

In quasicrystals, we find the fascinating mosaics of the
Arabic world reproduced at the level of atoms: regular
patterns that never repeat themselves. However, the
configuration found in quasicrystals was considered
impossible, and Daniel Shechtman had to fight a fierce
battle against established science. The Nobel Prize

in Chemistry 2011 has fundamentally altered how
chemists conceive of solid matter.




jobel Foundation.

On the morning ot 8 April 1982, an image counter to the
laws of nature appeared in Daniel Shechtman’s electron
microscope. In all solid martter, atoms were believed to be
packed inside crvstals in svmmetrical patterns that were

repeated periodically over and over again. For scientists,
this repetition was required in order to obtain a crystal.

Shechtman’s image, however, showed that the atoms in
his crystal were packed in a pattern that could not be
repeated. Such a pattern was considered just as impossible

as creating a tfootball using only six-cornered polygons,
when a sphere needs both five- and six-cornered poly-
gons. His discovery was extremely controversial. In the
course of detending his findings, he was asked to leave
his research group. However, his battle eventually forced

scientists to reconsider their conception of the very nature
of matter.

Aperiodic mosaics, such as those found in the medieval
Islamic mosaics of the Alhambra Palace in Spain and
the Darb-i Imam Shrine in Iran, have helped scientists
understand what quasicrystals look like at the atomic



level. In those mosaics, as in quasicrystals, the patterns
are regular — they follow mathematical rules — but they
never repeat themselves.

When scientists describe Shechtman’s quasicrvsrtals,

thev use a concept that comes from mathemartics and
arr: the oolden rario This number had already caught
the interest of mathemaricians in Ancient Greece, as

it often appeared in geometry. In quasicrystals, for
instance, the ratio of various distances between atoms is
related to the golden mean.

Following Shechtman’s discovery, scientists have
produced other kinds of quasicrystals in the lab and
discovered naturally occurring quasicrystals in mineral
samples tfrom a Russian river. A Swedish company

has also found quasicrystals_ in a certain form of steel,

where the crystals reinforce the material like armor.
Scientists are currently experimenting with using quasi-
crystals in different products such as frving pans and
diesel engines.
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Robert J. Lefkowitz Brian K. Kobilka

The Nobel Prize in Chemistry 2012 was awarded jointly to Robert J.
Lefkowitz and Brian K. Kobilka "for studies of G-protein-coupled

receptors”
Howard Hughes Stanford University
Medical Institute and School of Medicine,
Duke University USA

Medical Center,
Durham, NC, USA

OxTwpRpIog 14

Our body is a fine-tuned system of interactions
between billions of cells. Each cell has tiny
receptors that enable it to sense its
environment, so it can adapt to new

situations.

In our eyes, noses and mouths, we have
sensors for light, odors and flavors.

Within the body, cells have similar sensors for
hormones and signaling substances, such as
adrenalin, serotonin, histamine and dopamine.

As life evolved, cells have repeatedly used the
same basic mechanism for reading their
environment: G-protein—coupled receptors

About a thousand genes code for such
receptors, for example, for light, flavor, odor,
adrenalin, histamine, dopamine and serotonin.

About half of all medications achieve their
effect through G-protein—coupled receptors.
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Electrostatic modeling of peptides derived from the V3-loop
of HIV-1 gp120: Implications of the interaction
with chemokine receptor CCRS

DIMITRIOS MORIKIS', APOSTOLOS K. RIZOS?, DEMETRIOS A. SPANDIDOS® and ELIAS KRAMBOVITIS*?

chpartmcm of Bioengineering, University of California, Riverside, CA 92521, USA; “Department of Chemistry,
University of Crete, and Foundation for Research and Technology-Hellas (FORTH); “Department of Virology,
Medical School, University of Crete; “Department of Applied Biochemistry and Immunology, Institute of

Molecular Biology and Biotechnology, FORTH, Heraklion, Crete: ~Department of Veterinary Medicine,

Figure 6. Cartoon representation in a perspective view of the structure of
CCRS5 (27); Code P51681-Model 1. The extracellular domains are colored as
follows: Nt, red;: ECLI, green; ECL2, blue; ECL3, orange. The two panels
depict different views for the relative topologies of the extracellular domains.



% The Nobel Prize in Chemistry 2013
Martin Karplus, Michael Levitt, Arieh Warshel

The Nobel Prize 1n
Chemistry 2013

© Nobel Media AB Photo: Keilana via Photo: Wikimedia
Martin Karplus Wikimedia Commons Commons
Michael Levitt Arieh Warshel
Université de Strasbourg, France ) } ) ) o
and Harvard University, USA Stanford University University of Southern California
School of Medicine, USA School of Medicine, USA

"for the development of multiscale models for complex chemical systems'
The three laureates developed computer models that

"~ vanod A Anate hohwwioon thoceo fwwn winvrlde AafF At antiim anAd Alaccicral maeacrhani~re”



Taking the experiment to cyberspace

THE RYL SWEDISH ACADEMY OF SCIENCES 9 OCTOBER 2013

They developed a simulation
program that could be used to
study enzymes;

— proteins that govern and simplify
chemical reactions in living
organisms

They made classical and quantum
physics collaborate more smoothly.

Their methods can be used to
study all kinds of chemistry; from
the molecules of life to industrial
chemical processes.

— Scientists can optimize solar cells,
catalysts in motor vehicles or even
drugs.

...a dream: to simulate a living
organism on a molecular level.




Lopez de Victoria et al. BMC Biophysics 2012, 5:3
http://www.biomedcentral.com/2046-1682/5/3

BMC
Biophysics

Clustering of HIV-1 Subtypes Based on gp120 V3
Loop electrostatic properties

Aliana Lopez de Victoria', Chris A Kieslich', Apostolos K Rizos?, Flias Krambovitis® and Dimitrios Morikis'

Abstract

Background: The V3 loop of the glycoprotein gp120 of HIV-1 plays an important role in viral entry into cells by
utilizing as coreceptor CCR5 or CXCR4, and is implicated in the phenotypic tropisms of HIV viruses. It has been
hypothesized that the interaction between the V3 loop and CCR5 or CXCR4 is mediated by electrostatics. We have

performed hierarchical clustering analysis of the spatial distributions of electrostatic potentials and charges of V3
loop structures containing consensus sequences of HIV-1 subtypes.
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EmioTnun

EmoTAun civar n ueBodikh diadikacia
» ATToKTNONG YvWwong
» gpunveidc The yvwong
> eAEyxou Hiac umeBeonc N Bswpiacg

» Kdl ThC OUOTNHATIKAGC opydvwong ThG yvwong



A1T0 KTO 0 “ 8 vac n . | IMewpapata

TTapaTnpwvTag Kai
KaTtaypdgovTac éva
PAIVOUEVO

[

N

die€ayovrac éva meipapa
Kdl TTapdThpwvTac Td
amoTeAéopara

I'evikd prparta

Epyaoia tov Rosenberg

Haektpbdia Aevkoypioov epfarrtiCovrat oe
Covravi Bakmpraxi] kaAMEpyeta.
EXéyyovrat ot petafintés:

- ooduta Bperrukiic ovolag oe dedopévo
6yko faktnprakod pEoou

- Beppokpaoia
v * %pOVOg
AmoteAéopata Awakom| faxmprakig Saipeong.
Optopéveg eVOOELS TOL AEVKOYPUOOL
Vit avaotéAAOLY TV KuTtapodiaipeot).

Emunéov melpdpata “"Epevva yia eviroeig tov Agvkoypioou 1ov

mov oyedidovrar pe Bdon 1ubavéy oympatiodnkay péoa om

my vit6Beon. Bakmpraxy kalAiépyera.

“Eheyyog g tkavéTtag evdogwy tov
AELKOYPYOOL VA avacTéEAAOLY TV
Kurtapodiaipeon).

Apvnukd anoteAéopata Orukd anoteiéopata To cisplatin

amnopoveovetat and )

odnyovv og tpomoTioinon ompiGovv my viréBeon.

1N anéppupm mg viobeong
kat o Statdnwon véag

viiéBeong.

Baxkmpraxi
kariépyeta. Orav to
cisplatin mpootiBetar oe
véa kaliépyela, 1
Saipeon tov kutTdpov
Saxémretar.

Axorovbel pia Oswpia,
£p6ooV Ta anoteAéopata
ompiovy pe ovvénera my

vii60eon).

EnurAéov mepapara

Oplopéveg evHOELS TOL AEVKOYPUOOL
avaotéAhovy ) Sraipeon kurtdpwy.

[Tepdpata mpoodiopiopod g
avukapKvikig Opdong evOoemy tov
AgvKOYPYOOU.




* H Bewpia BacileTal o€ epunveia Pe Baon TNV TwpIvAn
yvwaon, Kai €ival avolikTr o€ augiopnTnon:

— AT AAAOUG ETTICTANOVEG TTOU TTPOCPEPOUV DIAPOPETIKEC
EPMNVEIEC

— ATTO VEa £peuva TTOU TTPOCBETEI VEQ yvwon Kal TTPETTEI VA
AN@Oei uTT dYwn



| )) 2 nuavtika Ynyia

* 2€ OAEC TIC JETPNOEIC, UTTAPXEI KATTOIOC BaBPOC
apepaidoTnrag

e [1.x.:
— Bapoc¢
—OyKoc¢
— Mnkoc¢



Ymdpxel €évag ouykekpipévog Pabuoc apePaidTntag o kAO¢e

HETphon

Ma autd dev £xel vonua va divoupe Kai Ta yneia tmou 0gv €ivai

béPpaia
Kataypdgpoupe Aoimtov povo ta pEPaia yneia

- Kal Ta ovopdloupe "onuavTikd yneia”

ES opiopou:

- 2ZnUavTikd yneia civar 6Aa ta pépaia yneia piag HETpnong ouv €va

TeAIKO Trov eival kantwg¢ apépaio (To AilydTepo anpavTiko Yyneio).



e [l.x. AG NETPOOUNE TOV OYKO TOU UYPOU OTOV OYKOUETPIKO
KUAIVOPO

e 8,78 ml



T'1a Tov apiBuo:
- 9,12 ml

* Ymapyet
“uovo ENA afpéfato ynoeio.”

- Atodvn pafdog

—_—
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ANER )) 2npavtika Ynyia

« Kavovecg ammapiOunong onuavTikwy yneiwv:

— Olo ta pun undevikd ynoeio eival onUOvVTIKG
— To unoevika pHetald un UNoEVIKOV yneimv ivol onuovTikd
— 1.X. 1,003

— Toa unoevikad mpog 1. aPLeTEPE TOV TPMTOL WU UNOEVIKOD YnPiov
glval un onuovtika ynoio

— 1.X. 0,009

—  Av évag aplOudg gtvarl peyoldtepog TG LOVAOOS TOTE TOL UNOEVIKA
0£E10 TG VTOOOIGTOANG EIVAL GNUOVTIKG
— T1.X. 2,00



~+» Kavévag #1 :
— Ortav TpooBéToupe R agpaipouue divouPe OTO TEAIKO ATTOTEAEC O
1600 OeKADIKA Wwnoia 6ca Kal N TToooTNTa PJE Ta Aiyorepa deKadIKA

yneia.

- = 98,283 ml
= = 98,28 m|



« Kavovag #2 .

— Ortav mmoAAatTAaCI1GloupE 1} dlaipouue divOuuEe OTO TEAIKO
ATTOTEAECPA TOOQ CNUAVTIKA Yyneia 6ca £Xel Kal N TToooTNTA
UE Ta AlyoTepa onUAvTIKA ynoia.

— =0,6177 m?
— = 0,618 m?



e A TNV TTEPITTTWON TWV AOYaPiOuwvY UTTdPYOUV
TOOO Yn@ia YETA TNV UTTOOIAOTOAN O0a Kal TA
ONUAVTIKA wn@ia Tou apxikou apiOuou,

* TT.X.

— log(6,8x10%) = -3,16749...
=-3,17
n
— 10317 =6,7608 x 10*
= 6,8 x 10*



[Mapadciyuara

1

3cm

12 34
45.87 mL

123

0.223 g

1234

4529 m
12

0.70 kg

12 3

30.6 cm

12 34

65.00 m?

1

0.005 mg

12

3.8 x 10°L

123
1.05 x 10 " mm

YTroAoyiooi ATTOTEAEC A

18.2 + 5.35 + 20.
15.02 + 0.003 + 700.1
7109.3 — 40.352
1.521 — 0.81

38.2 x 0.95

17.32 X 1.66
182/32.800

0.881/5.2

39.3 + 17.21
190.

(58.1 x 0.82) — 1.19

44
715.1
7068.9
0.71
36
28.8
5.55
0.17

0.297

46

64
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)) MeTpnoeic otn Xnueia

Baoikéc povadec Ttou SI

MoocdétnTa Movada 2uupBoAo
MnKog meter m
Mala kilogram kg
Xpovog second S
HAextpiko pevpa ampere A
Oepuokpacior kelvin K
[TosotnTa ovsiag mole mol
‘Evtaon ¢otdg candela cd




MeTpnoeic otn Xnueia

[Toodtnra Optopdg moaomrag Movada SI
[TINAKAZX 1.4

Mapdyoyes povades Eppaddv Mnkog oto tetpdyavo m’
‘Oykog Mijkog otov kdfo m’
[Tokvéta Mdda avd povada dykov kg/m’
Taytota Amndotaon mov davietat o povada ypovov m/s
Emdyuvon MetafoAn) taytmrag avd povada ypévov m/s”
Advapn Mada ent emrdyvvon evog avuketpévou kg * m/s” (= newton, N)
[Tteon Advapn avd povada emgdveiag kg/(m * 5%) (= pascal, Pa)

Evépyela Abvayn ent dravudpevn amdotaon kg * m*/s” (= joule, ])




ITINAKAX 1.3
IIpoOépata SI

[Tpobepata S

IToAAamAdoto IIp60epa

102 e€a (exa)

10 meta (peta)

10" tepa (tera)

10 yiya (giga)

10° peya (mega)

10° yato (kilo)

10° exato (hecto)

10 deka (deka)

15 dekato (deci) d
T exatooto (centi) c
10772 yidtooto (milli) m
1™ Hikpo (micro) 7
107 vavo(nano) n
L Ko (pico) p
1G4 geprto (femto) f
10718 atto (atto) a
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MeTphoeic otn Xnucia (&

. ‘AlacmTlKr’] AvaAuon:

»OTav Kdvoupe TPAEeIC HE YUOIKEC TTOOOTNTEC aAvaypdPoUE
yid KABe TOGOTNTA EKTOC ATIO Thv APIOUNTIKA TNC TIHA KAl ThV
avTioToixn Hovada pETpnong.

»Me Tov TpOTO aAUTO WTopoUHE va TIPOCOIOPioOUHE TOV
OUVTEAEOTA HETATPOTING TOU XpeldleTdl yid vd eKQPACOUHE
Hid TTo00TNTA 0€ VEEC HOVAODEC.



“YAn

 Quoikn MeETABOAR VS. XNnNUIKA METABOAN

* H ®uouen petafoin neprhapBaver ma petafoln ot
LOQYY] TNG VANG tAAG OYL 0TV XMWY TG TAVTOTYTA

® X Xnpuen petafoly éva 1 neptocoTea eid1 HANG

UETATOETOVTAL O VEX €LY LANG



)

’ H évvoila Tou Mole

+  Ap1Buécg Tou Avogadro
(N ,=6,0221367x10%) givai o
ap1OUOC TWV ATOPWY EVOC
deiypaTog 12 g Tou 100T6TIOU
Tou 2C .

- Mole sivai n TooéTnTA
ouciacg n otroia TepiExel Toéod
Hopia 60a Kai o apiBuoc Tou
Avogadro.

- [pappopopiaki pdla piag
ouaiac civail n pala evoc
mole Tn¢ ouaiag.




2. UYKEVTPWON

— Mass %
— ppm, ppb

— Mo
— Mo
— Mo

arity (kar Normality)
ality
e %




« H EKaTOOTIOIO TTEPIEKTIKOTNTO KATA Hala
(Mass Percent of Solute) sival o Aéyoc Tn¢ pdalac
NG OlIaAUpMEVNC oudiag TTPO¢ TN Mdla Tou diaAuuaToc,
ToAAaTTAacIacuévog eTTi 100%.

Mass Solute

0
Mass of Solution X 100%

Mass % =



e parts per million (ppm)

— OpIoPOG TOU ppm

Mg o1aivuévns ovaiog

ppm =
Kg o1atdty



» parts per billion (ppb)

— OpIiouog Tou ppb?

1g o1aAvuéVNS ovoiog

ppb =
Kg o1aidty



rPOMMOHMOPIAKK) ZUYKEVTPWON —
Molarity

« Fpappopoplakn Zuykevipwon N Molarity opileTal w¢
Ta moles Tn¢ diaAupévne ouaiag oe 1 AiTpo dlaAUpaTog

« Movdadec mole/liter kol To cUMRBOAO sival M

Moles solute

Molarity =
Liters solution

Moles diatvuévyc ovoiog

Molarity =
Liters droAvportoc



’ 2 UYKEVTPpWOon — Normality

g/

* Normality (N) opiZetarl wg Ta moles Twv

Ic0dUVANWYV TNG dlaAupévng ouciag oe 1 AiTpo
OlaAUpaTOC

Equivalents of solute

Normality = —; :
Liters of solution

* TI €ival TO 1I000UVAO;

Moles 1codvvaumv dodvp. ovciog

Normality =
y Altpa OL0ADUOTOC



+ logoduvauo oftocg (equivalent of acid) eival n TTocéTNTA
TOU og€og 1Tou TTapdyel 1 mole kaTiévtwy udpoydévou HY

+ logoduvapo Baong (equivalent of base) €ivai n
TToodTNTA TS BAong TTou TTapdyel 1 mole avidvTwy
udpoleidiou OH

« 1 logoduvauo ofeoc avTidpd e 1 Icoduvauo Baong




1 looduvapuo og€oc

2 looduvaua o&€oc
3 looduvapa 0&Eo¢g

1 looduvapuo Baong
2 looduvaua Baocng
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4 > UYyKEVTPWON

g/

« T1 ouuPaivel oTov OYKO TOU OIGAUMATOC
OTav aucdveTal n Bepuokpaaoia;

— 2UvNBwc¢,0 OyKog Tou DIGAUMATOC QUEAVETAI
LWE augnon Tn¢ BepHoKpaTiag

— 2uveTtwg, N Molarity 8a aAAagel pe aAlayn
oTn BeppoKkpacia
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’ 2 UYKEVTPpWOon — Molality

g/

— Molality (m) opilsTal w¢ Ta moles TNC
dlaAupévng ouciac oe 1 kg Ol1aAuTn

Moles of solute

Molality =
Kg of solvent

Moles dialvuévnc ovoiog

Molality =
Kg o1oA0T



e Mole % opilsTal we Ta moles Tn¢ diaAupévng ouaiag
Ol TOU CUVOAIKOU apIBuoU Twv moles Tou dIaAUMATOC

Moles dtaivué f
Mole 0% = LOADLEVIG OVGTOG « 100%

YvvoAikd Moles draAvuotog




