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- Ta oteped kai vypd eival ~1000 mukvoTepa amo Ta aépia

- Ta oteped civar ~5-10% TukvOTEPA améd Ta vypd

Ti
- Ta vuypd civar ~10 popéc o ouUPTIEOTA aTTO TA OTEPED
- Ta aépia civar ~100.000 popéc o ouputieoTd Ao Ta oTeped
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Eidog dvvaung Evépyewo (kJ/mol)

[ovTikog 0eGLOC 300-600
Opo1omoAKog 200-400
AeodC VOPOYOVOL 20-40
[6vtoc-o1moAoL 10-20
AOLOV-01TOAOV 1-5

2typoaiov oumorov/Enaryduevoo oumodrov  0,05-2



Multipole interaction potential energies

Interaction Distance Typical energy/] Comment
type dependence  (kJ mol)
of potential
energy
Ion-ion 1fr 250 Only between ions”
lon-dipole 1/r? 15
Dipole-dipole 1 2 Between stationary polar
molecules
1/r® 0.6 Between rotating polar
molecules
London (dispersion)  1/r® 2 Between all types of
molecules

The energy of a hydrogen bond A—H---B is typically 20 k] mol™ and occurs on contact for A,

B=N,0,orF.



YrioB&tovtag tnv umapén
EAKTLKWV KOl OTTWOTLKWV
Slapoplakwyv SUVANEWV

LLTTIOPOU UE VO EENYNOOUE
oXeOOV OAEC TLC LOLOTNTEC TWV
OTEPEWV, UYPWV KoL OLEPLWV.

Ot evbouopLaKES SUVAUELC lval
uTteVBuvEC yLa TNV
oTaOepOTNTA TWV HOPiLwY

OL SLapoplakec SUVALELC ELval
UTtELOUVEC

—  YlO TIC TPELG KATAOTAOELC TNC UANG
— yla TNV pn davikn cuumneplpopa Twv
aeplwv

— mailouv onuavtko poAo otov
KotBopLlopo Twv GUOLKWV LELOTATWV

[eviKA ol SLapoplakeS SUVANELC eival
oAU acBeveotepeg o€ oUyKpLON E
TOUC OLLOLOTIOALKOUG SECOHOUC



Avvouelc aAlnieriopoonc

UETOLD LOPLMV

16vTo¢ / dimoAou
- dimtoAou / dimtdAou

- 16vTo¢ / emayoépevou
OITtoAov

- dimoAou / emayopevou
d1TTOAOU

- emaydpevou dimtdAou /
£TTAyOHEVOU OITTOAOV

Type of Interaction

lon

+j

Dipole

Dipole

(including hydrogen bonding)

T 4

Induced dipole

5 L3

Induced dipole

Principal Factors
Responsible for
Interaction Energy

lon charge; dipole
moment

Dipole moment

Dipole moment,
polarizability

Polarizability







Taoeig otnVv Evépyela NMAEypaTog
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»  H aAAnAcTTidopaon diméAou-81TToAou

- cival gia eAKTIKA diagopiakhi duvapn
TTOU TIPOKUTITEI ATTO TV TAON
TTOAIKWY Hopiwyv va
mpooavaroAifovrail e TETOIO TPOTIO
woTe To BeTIKO AKpo €VAC Hopiou va
gival KovTd 0To dpvNnTIKO AKPO £VOG
daAAou popiou

«  H1oxU¢ Tn¢ NAeKTPOOTATIKAC
aAAnAemidpaong e€aptdral amoé To
péyeBoc TnC OITTOAIKAC POTTIAC

QATTWOTIKNA
dlapoplakr duvaun



T HAektpapvnrikdtnTa: 1O HETPO TNG TAONG £VOG ATOUOU O€ £va PJOPIo
) va €EAKEI TO NAEKTPOVIA TA OTTOIa PoIPAETAl O€ £va XNUIKO OECHO UE
Eva AAAO artopo.
* OTNV KAipaka Tou Pauling, 1o F, TTOU €ival To
NAEKTPAPVNTIKOTEPO OTOIXEIO £XEI TN ion ME 4,0




CH,CH,CH,

N N

\‘(i ‘CL
N N
AT H H

n=0

MW = 44 amu
pr — '42 OC

A¢ Osmpnoovpe....

CH,CN

2
H»=C C==N
H\\‘

u = 3,9 Debye (D)

MW =41 amu
pr = +82 °C

Mari 10 Ty, 70U CH;CN > a0 10 Ty Tou CHZCH,CH5

Auvapeig dItTtoAou / dITToAou




Molecular Dipole Moment  Boiling Point
Substance Weight (amu)  p (D) (K)
Propane, CH3CH,CHj; ok 0.1 231
Dimethyl ether, CH3;0CH3 46 1.3 248
Methyl chloride, CH5Cl 50 1.9 249
Acetaldehyde, CH;CHO 44 27 294
Acetonitrile, CH;CN 41 3.9 365

O0oo 1o ToAIKO gival Eva poplo,

TO00 UYnAOTEPO onueio (€ocwc Ba eugavidel.



AAMnAemidpaocic dimoAov /erayopHevou dimdAou
(Dipole/induced dipole interaction)

H mohmowpétnta o (polarizability) poc divel v éktaon g
TOPALOPPOOTG TOL NAEKTPOVIKOD VEPOUC EVOC OVOETEPOV OITOLOV 1| LOPIOV.
— T'evikd,
* 000 LEYAADTEPOC €ivarl 0 aplOUOS TV e- Kat
e 000 T1O O1YVTO E€val TO VEQPOG TMV €-, TOG0 ueyaAuTepT Ba elvor Ko M
TOADGIULOTITO.
e u*=akE

— Otou P* gival n oTiyuiaia dITTOAIKR poTT Kal E= évtaon nAekTpikoU TTediou

=4
+
=]
-.._‘- -,+,

)
59

5 5




Avuvayeic diaonopdc:
EAKTIKEC aAAnAemidpdaoceic HETalU oudETEpwY Kal PN TOAIKWY Hopiwv
(Induced dipole interaction)

*H kpavropnxaviki eppnveia 866nke amoé tov Fritz London™ to 1930

Two nonpolar atoms or molecules Momentary attractions and repulsions Correlation of the electron motions between
(Time averaged shape is spherical) between nuclei and electrons in neighboring the two atoms or melecules (which are now
maolecules lead to induced dipoles. dipolar) leads to a lower energy and

slabilizes the system.

*Fritz London (1900-1954) I'sprovic Oswpnticéc pvoikdc ue kipia
OVVEIGPOPA aTHY ENYNON THS DTTEPOYWYLUOTNHTAS ToD HE.




He

Ta e™ 010 1s TpOYXIOKO TOU He Teivouv va
BpiokovTtal PJakpid 1o Eva atro To AAAo, aAAd
LMEPIKEC OTIYMEC TTPOCEYYICOUV TO £va TO GAAO.



He 8~ 5"

« EKeivn TN OTIYUNR, TO AQTOMO TOU He YiveTal TTOAIKO



London Auvapeigc AlaoTtropag

HAekTpOOTATIKA

He He 5 5" 5 5"

e Opwc 10 TTOAIKO ATOopo He utropei va eTTayel
eva OITTOAO O€ £va YEITOVIKO aTouo He



London Auvdaueig AlaoTropdg

HAekTpOoOTATIKA

He He 5 5* 5 5*

« Ol duvdueic diIaoTTopAC UTTAPXOUV O€ OAA Ta UOPIA.
e H 1don TOU NAEKTPOVIKOU VEPOUG VA TTOPANOPPWVETAI OXETICETAI UE
TNV TTOAWOIYOTNTA.




EAr + Ar
500 1
’ ’ ’ 2 4 6
o 4 :
Ta '|6avma agpid PTIopouLV va e 0 |
UTtdpCouV oav uypd K oTEped Ta
oTToia XdapakTnpilovTal amd 300 ~1
aoPeveic §|a'rou|'|<sg Kdl T oo _, HCI + Hel
diagopIakéG QUVAEIG: £
=
o
, , = 100 -3
- To He uypoToicitar ka1 ppalel ?
oTouc -269°C. 5 HCI + HCI
K 1 4 5 & 7
’ [e) : H -_—
- To Ar maywvel oToug -189°C 5 Separation (1071° m)
o€ KUPIKoUC KpuaTdaAAoug. e
—200
=300
—400
~500




To gnueio TACew T, piag ougiag pmopei va xpnaipomoinBei
oav €vacg 0&ikTNC TNC 10XVo¢ Twv diapopiakwy OUVAPEWNV.

["evikd, 600 10XUPOTEPA OUYKPATOUVTAI TA HOPIA OTN OTEPEN
pdon, T60o peyahuTepo Ba eivar To onpeio THEewC.

To onpeio TAew¢ aulavetar kKABW¢ peyaAwvel o ap1BUoC e
TWV Hopiwv.

Auvapeic diaomopdc.

T[x : Tf

. CH, - 182.5°C
ccl, -23.0°C
CBr, 90.0 °C

Cl, 171.0 °C



« O duvapeig dimtoAou-dimtoAouv,
+ OITtoAou-erayopevou O1TTOAOV Kal

- duvdpeic diaomopdc (London)
avagpépovTal oav duvapeic Van der Waals*

molecules or ions

l lons invalved l lons not involved

‘ Interacting ‘

One or both
malecules have
H—X bond where
X=0,N,F

v v

y
-: ‘“}tf St
] i

lons only ~lons + di Polar melecule Mo polar molecules ¢
lon-lon Forces  lon-Dipole Forces Polar molecules only HE:;:?HI::“:?S .+ nonpolar molecule induced Dipolel |
Examples: NaCl |  Examples: NaCl + glmle—&igﬂa i g NI Dipole/induced Dipole Induced Dipole |
: H,0 RIS it Example: H,0 + I, Example: I,

or Mgs0,

*Johannes van der Waals (1837-1923). OAAxv60g puoixog. BoaPeio Nobel (Puoixn) t0
1910 yix Tig pereTeg TOL TAVW OTIG IBLOTNTEG TWV AEQIMY KAl VYQWV.




Acopoc udpoyovou: givai h
eAKTIKA aAAnAemidpaon peTalu
OITTOAWYV OTAV

- T0 O€TIKO AKPO TOU €vOC OITTOAOU
gival éva dtopo udpoyovou
EVWUEVO He €va ATOHO UYNARG
nAektpapvnTikotntag, O, N A F,
Kdl

- TO dpVNTIKO AKPO Tou adAAou
OITTOAoUV gival €va aTopo Tou
pépel Pn 0eapiko Celyog
nhektpoviwv, ON R F

A-H----B AB=N,O,F

H 1ox0U¢ Tou deapol udpoyodvou
gival mepimou 2-5 kealmol !

- vyia 1o vepd, givar 5 kcal*mol-!




Hydrogen
bond

Etriong, o Truprijvag tou H ekTiBeTal otav 10 H oxnuarilel dsopo pe N, O kai F



point, K
e

c.

C.

|

o
o

200 —

Normal boilin

l | I I I
0 25 50 75 100 1

Molecular mass, u

N —=
N

150



Z1gzag 01EVHETON TOV OECUDV

H oto HFE

@

Q9 O
@

@




)

:’ Agopuog udpoyovou oto H,O

Asouoc-H kair duvauikn

MNMayog: 4 deopoi-H ava podpio vepou

Nepd: 2,3 deopoi-H ava udplo vepou

MNMayog: didpkeia (wNng deopou-H trepittou 10 us
Nepé: didpkeia (wnc deopou-H TTepittou 10 ps

*a,

o S
K.
v Y @?@%@ ?of%f

YOp® amd £vo Hoplo o€ Tayo GE LYPN LOPPN



. 2 xnhHatiCovral 4 deopoi udpoyovou,

- Héow Twyv 2 atépwy H tou dpouv cav d4TEC e
Kal

- Méow Twv 2 Pn dcopikwy Ceuywy e Tou O

¥ Aeopol vdpoybvou =0
|
@? /> P i
H °
"
- H\ /H



Ethyl alcohol
(ethanol)
at 20 °C: 1.20 cP

H H

00— T,

Ethylene glycol
(1,2-ethanediol)
at 20 °C: 199 cP

Glycerol
(1,2,3-propanetriol)
at 20 °C: 1490 cP



ALOROPLEKES OVVANELS

~ Aeopoc Yopoyovou
« Q1 deopoi udpoyodvou gival utreuBuvol yia TN:
— QOUN TWV TTPWTEIVWV
« AvaditTrAwon TTpwrTEivng.
« MeTapopd yeveTIKAG TTANpoPopiag amd 1o DNA




- H em@aveiaki Taon evog

uypou opileTal oav TO TT0O0O
TNG EVEPYEIAG TTOU ATTAITEITAI
YIO va augnooulE TO EUPadOV
TNG ETMIPAVEIAG EVOG UYPOU
KATQ pia povada.

* MeydAn o€ uopia he
IOXUPEC OIQUOPIAKEG
aAANAEeTTIOPAOEIG

» Auvdpeig cuvoxng:
avagEpovTal o€ OIAUOPIAKES

AAANAETTIOPACEIC YETACU
TTOPOUOIWYV UOPIWV.

« Auvdueig ouvagelag:
ava@EPOVTAl O€ DIQUOPIAKES
AAANAETTIOPACEIC YETAEU
OIAPOPETIKWY OPIWV.




To poplo oTnV emiPavela Tou UypoU EAKETal
HovOTAEUpd, EVW TO HOPIO OTO ECWTEPIKO TOU
UypoU £AKETal opoloHopYa



Zuvoxn (Cohesion) givai n ¢AEN HETAEU TTAPOUOIWY HOPIWV

Zuvaeeia (Adhesion) gival n €AEn HETAEU DIAPOPETIKWY HOPiwV

ouvaoelia P 1




— Tpiyoetdrig — Tpryoedrig

— Mnviokog

Mnviokog

Nepé Yopapyvpog

A B

Tpixoeldn¢ avoywan
gival Eéva QaIvOUEVO OXETICOMEVO HE TNV ETTIPAVEIQKE TACN

... N €AEN METAEU TWV ATOMWY Tou udpapyUupou gival JEYAAUTEPN ATTO TNV EAEN METAEU
aTOH WY UdpAPYUPOU Kal yudAiou
OE QvTiBean He TNV TTERPITITWON VEPOU Kal YUdAIOU.



IEmocg (Viscosity)

IEWAEC €ival n avTioTaon aTtn porn TTou TTapouaidlouv
OAd Ta UYPAG Kal Ta agpia

»UETPIETAI KE TOV XPOVO TTOU XPEIAlETal
va TPECEl pia 6edopévn TTooOTNTA TOU
UypouU HECT aTTO Evav TPIXOEIDN CWARvaA
n

~ATTO TOV XPOVO TTOU XPEIAleTal Hid
ATOdAIVN o@aipa OedopEVNG AKTIVAG yia
va TTECEI HECA ATTO HIa OTHAN UypoU




To IEWAeG (1) evdg agpiou K uypoU opileTal
oav To PETPO TNG AvTioTaong Tou agpiou f

uypoU aTh pon.

* MeydAo oc popia pe 10XUpEC SlapopIaKkEC
aAAnAemidpdoceig T.X. YAUKEPOAN

+ To 1€wdec peiwveTal kabBwe av€averai n
Oeppokpaaia.

250

200

=
a1
o

7 (kg/m.s)

50 F

0.002 0.004 0.006 0.008 0.010

/T (K




| [) TTukvéTNnTa TOU vePOU/TIdyou oav
/' ouvdpTnon Tne Beppokpdaidc

!

1.0000 Water
0.9999

€ 0.9998
B
~.0.9997

Densit

0.9180 |ce

0.9170 - \

-8-6-4-20 2 4 6 8 10
Temperature (°C)




PSR

Ovoia Moproxo Em@oavelokn IEmoeg Taon atpov
Bapog (amu) taon (J/m?) (N-s/m?) (mm Hg)
H,O 18 7,3%1072 1,0x1073 1,8x101
CO, 44 1,2x103 7,1x10 4,3x10%
C:Hy, 72 1,6x102 2,4x104 4,4x107?
C3Hg0, 92 6,3x10-2 1,5x100 1,6x104
CHCI, 119 2,7x102 5,8x104 1,7x102
CCl, 154 2,7x102 9,7x104 8,7x10*
CHBr, 253 4,2x1072 2,0x10 3,9%x100




* Yopowihird (Hydrophilic)
- Teivouv va diaAUovTal 0To vEPO
* Yépowopikd (Hydrophobic)
- Teivouv va pn diaAUovTal oTo vepo
* Augpipiaikda (Amphiphilic)
- HOpIa TTOU TTEPIEXOUV Kal TTOAIKEC Kal UN-TTOAIKEG opddEeC

- 0nAadn, popia Tou EAKovTal Kdl TTpo¢ TToAIKA Kal KN
TToAIkd TtepipdAAovTa

- TI.x. Ta Aitapa o éa
» sodium palmitate




To vepo oav d1aAUTNC

The sodium salt of palmitic acid: Sodium palmitate
(Na*~OOC(CHy),4CHs)




To vepo oav d1aAUTNC

MikkUAilo (Micelle): pia opaipikn
d1eUBETNON OpYaAVIKWY HopiwV
OTO VEPO £TOI WOTE

- T1a udpoyopa (hydrophobic) pépn
TOUC vd €UpioKovTdl OTO
EOWTEPIKO TNC OYdipdC Kal

- Ta udpoyiAa (hydrophilic) pépn
TOUC vd gupiokovTadl aThv
EMIPAVEIA TNC 0PAipdC 0€ ETTAPA
HE To VOATIKO TrepIPAAAoV




* Mn TTOAIKEC eVWOEIC
TTPOKAAOUV
«auUTOOPYAVWON» TOU
VEPOU.

« To JiKTUO TWV DECHWV
udpoyovou
avadlopyavwveTal YUpw
atrdé TNV UdPOYPOLN ouaia.

» ‘Etol rpokaAciTal augnon
NG «TAENC» TOu dIaAUTN,
Apa PEiwon TNG EVTPOTTIAC.




Tons are always hydrated in water
and carry around a "hydration shell"

Water forms H-bonds with polar
solutes

Hydrophobic interactions —

- "a secret of life"

¢
»oq

lons in solution

Solid




Aépia kataoraon-H Kivntiki-Moplaki Oswpia
(“The Theory of Moving Molecules”; Rudolf Clausius, 1857)

Ta aépla atmroteAolvTal atrd poépia (A dToua oTnV
TTEPITITWON TWV AdPAVWYV AEPIWV) TTOU EUPICKOVTAI O€
ouvexn, XOOTIKN Kivnon

* - O OYKOG TWV HOPIWV Tou agpiou gival apeANTEOC O€
oUyKpIonN JE TOV OUVOAIKO OYKO TOU OOXEIOU TTOU
TTEPIEXETAI TO AEPIO

* O1 ENKTIKEG KAl ATTWOTIKEC OUVAMEIC METACU TWV
MOPIWV TOU agPioU €ival auEANTEES
* H pEon KIVNTIKN EVEPYEIQ TWV POPiwv Oev aAAAleEl e
TO XPOvo (e’ 6oov n T Tou agpiou TTapapével OTOBEPN
— Evépyeia putropei va yetapépetal HETACU HOPIWV KATA
TNV OIAPKEIQ TWV OCUYKPOUCEWV (Ol OTTOIEC €ival
ENAOTIKEG)
* H péon KIvnTIKN EVEPYEIQ TWV MOPIWYV gival avaioyn
NG atTOAUTNG Beppokpaaiag T
— a pia dedouévn Beppokpacia Ta uopIa OAWV TwWV
agPiwV £XOUV TNV idla HEON KIVNTIKI EVEPYEIQ




Number of molecules
L-'-""_
e,

0 5x 102 10x102  15x102 20 x 102
Molecular speed (m/s)




A B [
Kuwnuky) evépyera ——



'\\

’ Ta Idavika Aépia urakoUouv aTo vopo Tou Boyle
/

N o ) P e - I —— = Robert Boyle
| == i \ - (1627-1691)

I = constant x — or Pl = constant



N\
\

.\) Karaotartikéc E€lowoeic

/

+ Idaviko aépio (Ideal Gas)
PV =nRT

P (atm): micon.

V (L): oykoc.

n (moles): apBudg Twv moles.

R : otabepd TV agpicwv (molar gas constant).
=0,08206 (L - atm)/(K - mol)

T (K): amdivtn Beppokpacio.

- Aépio Van der Waals

(P + n2a/V2)(V - nb) = nRT

[

Ai6pOwon yia

Ai6pBwan yia Tov
SIapopIakEG EAEEIG powany

OYKO TWV Popiwv

Aéplo | a(atm-L?/mol?) | b
(L/mol)
He 0,034 0,0237
Ne 0,211 0,0171
Ar 1,34 0,0322
Kr 2,32 0,0398
Xe 4,19 0,0266
O, 1,36 0,0318
H,O 5,46 0,0305
CO, 3,59 0,0427
CCl, 20,4 0,138




'\\

\

1 Ta mpaypatika (van der Waals) aépia amokAivouv
)/ amd Thv 10avikn oupTeEPIPopa

2.0

N
)
prar]
© 15 2.0
2 N
= 1.0 Ideal gas &= ¥5
= c— 600°C
@ = e Ideal gas
Q (7))
5 0.5 £
£ E 05
Q S
o 200 400 600 800 1000

0

200 400 600 800 1000
(a) Pressure (atm) (b) Pressure (atm)

Aépia oToug 25°C N, o€ diapopeTikéc T



)) Kpiowieg 1810TnTec Tou CO,

« KdBe xnuikn évwon éxel pia
XApaKTNPIOTIKA Beppokpaaia, Tou
ovopaleral kpiowun Ogppoxkpoocio (T,)
TAvw dmé Tnv oToid n aépid HopYH
TnG Oev UTOpEi va uypotoinOei
ave{dpTnTa améd 1o pHéyeBog TNG
TTieong oV UTTopEi va epapHoOoEl
KAVeig.

— T, npéyioTtn Beppokpadia ou pia
ougia HTTopei va UTtdpX el 0TV UYPH

l PresSSure e

NG Hopon

- H EA(':()'(IOTH mieon mou npEmel va MLl
EPAPHUOTOUHE OTNV Kpioiun
Oeplokpacia yia va emEABel Atpia gdon | Volume

uypoTroinoh ovopdleTal kpiouun wison

(P).




) H Aépia - 2Zteped Karaoraon

|4
Z

- Aépla
- H gsAéTn s G‘!TAO‘ITOI&iT(II
amo To yeyovog OTI Td
dTopa kai popida givai...
* ATTOUAKPUOHEVA
* drakTa 0euBeTnpéva

* ue aoBeveig
aAAnAemidpdocig.

« 2TEpPEd
- H geAém TOUG ayl\ononeiml
aTmo TO YEyovoc OTI Td
dTopa Kai popia givai ...
* oAU KovTd peTall Toug
* KAVoVIKd 01euBeTnpéva

* HE IOXUPEC
aAAnAemidpdocig.




2TEPEA — Yypa - AEpia
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Taon aTuWV

Auvauikn looppoTtria: n YEPIKNA TTiECN TOU aTHoU dev YeTaBAAAETal,
Q10T UTTAPXOUV HOpPIA TTOU EYKATAAEITTOUV TO UYPO Kal JopIa TToU
ETTIOCTPEPOUV OE AUTO.

— Tay0uTnTa _ Taxumra
H,0 () «—= H,0 (9) gupTTOKvVWong  ~ egdTuiong

Taon atpwyv

Taybopa Enfrevin
eGamuang wopponiag

| Vacuum —

|

O rayiopeg
£&lodvovtat

Tayimra
OUPTTUKVONOTG

Taydmua ——

Mpiv atrd Tnv 2€ I000pOTTia
eCATHION

Xpovog ——»
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2
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KaTtavoun KIvQTIKWYV EVEPYEIWV

V 4

TWV POPIWwV EVOS UYpOU N

/Xaw]?\étcpn Beppokpaota

Yimadtepn Oeppokpaoia

Kidopa popiov

Ehdyron) kevipui

evépyea yla s’q’dx}uov\

Ko evépyera ———




ggaruiong (4H,,,) opi¢eTal oav 10

TT000 TNG evepvalag TTOU QTTAITEITAI
yia Tnv €caryion 1 mole uypou.

* HAH,,, €ival éva YETPO TNG
|o)(uoga Twv JIAPOPIaKWY Y @
OUVAUEWV. 'y
apor

2

AH'\mporization AH¢ondensation
(endothermic) (exothermic)

« Eciowon Clausius-Clapeyron:

\J

dinP_AH, e
. 2
dT RT °

?

P _AHvap 1 1

In—= = ——
P, R (T, T,

« To onueio (€0ewg evOG uypou
opi¢eTal oav n Beppokpacia oTNV
OTTO0ia N TAON ATUWYV TOU €ival ion peE
TNV ECWTEPIKN ATUOOPAIPIKN TTIEOT.



| )) Taon atpwy

TToAika popia ppalouv ge peyaAuTepeg OepHoKPATIEG OE OUYKPION HE
HNn TTOAIKa popid.

Ta popia pe deopoug udpoyovou Ppalouy ':FE HEYAAUTE
OeplLOKPATIES OE CUYKPION HE Hopla XwpI§ SEOUOUG U pnkuu

Ta peyaAutepa popia Ppalouv oe peyalutepeg Beppokpacies oe
OUYKPION LE HIKPOTERA HOpPIA.

‘Zuu'rmvn popia Ppalouv ae pikpoTepeg BepHoKpadi£G O TUYKPION HIE
“oykwdn" popia.

TTapadeiypara: Ty
HCl -82°C
Ar - 186 °C
CH, - 162 °C
NH, -34°C
H,0 100 °C
He 422K
Ar 375 K

CH4(CH,);CH; 36 °C
C(CH,), 9.5°C



SR
BN
( '\\ Q\
\

N

‘)‘ y

8

&/ Diethyl “Ethanol / H,0
ether :
400 Normal b.p. Normal b.p. / Normal b.p.

34.6 °C / 78.5°C 100 °C
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b 0° 200  40° 60° 80°  100°  120°

Oepuokpaacia (°C)




) rPOAUMOMOPIOKEG BEPUOTNTEG ECATHIONG § ‘4
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Ouoia T, (°C) |AH, ., (kdJ/mol) | AHy, (kJ/mol)
Ar -186 6,3 1,3

CH, -159 (9,2 0,84
C,H:OC,H; |34,6 |26,0 6,90

C,H:OH 78,3 39,3 7,61

CsHg 80,1 31,0 10,9

H,O 100 40,79 6,01

Hg 357 59,0 23,4




A€iXVOUV TIC OUVONKEC KATW
aTo TIC OTTOiEC Hid ouaia HTTopEi
- va UTtdpx el oav oTePES uypd h
- agplo.

‘Macg emiTpémouv va
TipoPAETTOUHE TIC aAAAyEC Tou
onpeiov TAewC Kai onpeiov
(éocwc Wiag ovaiag oav
amoTéAeopa petapoAwy otnhv
e€WTEPIKN Tieon.

Mac emiTpémouv va
TTpoPAETIOUHE TIC HETAPOAEC
PAoNC TTOU £TTEPXOVTAI ATTO
aAAayég oTh Oeppokpaaia Kal
TTiean.

[I{eon (atm)
=

(0,01°C, 0,00603 atm)
I I
I |

0°C  100°C
Oeppokpaocia
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H ypappopopraxij Oeppotnra jceams
(4H,,) opiCeTar oav To 006 TNG
gVEPYEIAC TTOU ATIAITEITAI YId ThV

TA¢N 1 mole oTepeol.

« H AH;, eivai yevikd
HeYaAUTEPN amoé Tnv AH,,,

To onpeio Th  ewg €vocg oTepeoU
opileTal oav n Beppokpacia aTnv
oTroid n oTEPER KAl h UYpH pdon
OUVUTIAPXOUV O€ I00pPOTTid.




Ice, 2.0 kg, 0 °C /



MeTaPoAéc paoewv

140 7
ATpog
120
S 100 , ,
= Nepo kar atpog
‘5 80
S
Q.
5 60
-3
=
@S 40
20
0
[Iayog
~20 L

Xpbvog ——
(Oeppodmta mpootlépevn pe otabepd pviud)



E€axvwon

Air containing water
molecules from ice

Ice at 0° C, v.p. = 4.60 mm Hg




IMigon (atm) ——»

| TomAd ovpeio
| | (—57°C, 5,1 aun)

o

—78°C

Oeppoxpacia ——=

SO,

[Tieon (atm) ——»

Tpmid onpsfo
(95°C, 1 X 107 atm)

Bepporpaoia ———=

S



} Aiaypappa @aonc yia 1o CO,

73 atm

Solid Liquid

Pressure (atm)
o

10

Gas
: ENDOthermic EXOthermic
6 Heat absorbed from > Heat released to
surroundings ' surroundings
4
. -57°C +31°C
o y i

-100 -80 -60 40 -20 0 +20 +40 +60
Temperature (°C)

CO, solid
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)’ €O, and the Greenhouse Effect (&
/ \W

tain gasses in the
atmosphere are alleged to
absorb heat energy and

reduce the amount that CO,

HAwaké @wg

escapes into space x 1/

gl

e This ‘trapping’ of heat from
the Sun — by the atmosphere
is known as the ‘Greenhouse
Effect’

— Water vapor is the most Atdopaipa
important greenhouse gas '

— ~60-98% of the
greenhouse effect is due to
water vapor in the

Emgdveia
atmosphere o

— CO, and other minor gasses
account for the remainder



2TEPEA KATAOTOON

TUTTOI OTEPEWYV
L2 Moplakd oTeped

givanl Eva OTEPED TTOU QTTOTEAEITAN ATTO ATOPA 1) HOPIG CUYKPATOUMEVS OTTd diapopiakéc duvapelg

L2 MeTaAAIKO OTEPED

eivon éva oTEpED TToU aTToTEAEITON aTmd BETIKG 10VTO ouyKpaToUpeva amo i " Bdhacoa” nAekTpoviwy
mou Ta TEpIBAAAel (peTalhikog Beopog)

L110VTIKO OTEPED

Eival Eva aTEPED TTOU CTTOTEAEITO ATTO KOTIOVTA KOl aVIOVTO TUKPOTOUUEVO OTTO TNV NAEKTPIKR £AEN Twv
avTIBETWY @opTiwy (10vTIKoi Seopoi)

L1 2TEPED OMOIOTTOAIKOU TTAEYMATOC

givanl éva OoTEped TTOU aTTOTEAEITAN ATTO ATOPO CUYKPATOUPEVA OTTO opoloTToAMKoUC SeCUoUC NECO OE
peyaha TTAEypaTa i aAugideg






Movadiaieg KupeAideg

- O1 kpuoTaAAol atToTeEAOUVTAI ATTO €va OIKTUO TTAEYUATIKWY ONUEIWV
(lattice network). H pikpoTepn eTavaiaupBavouevn yovada givai n
novadiaia kuyeAida (unit cell).

00000
Ob




KpouoTaAAoypawika 2uoTnuara

KpUaTAAAIKO TTAEYUA
(Crystal lattice)

opifoupe TNV TPIGOIACTATN
VEWMETPIKA DIdTagN
TTAEYHATIKWY ONMEIWV EVOC
KpuaoTdAAou, n otroid
TIPOKUTTTEI TaV KABE
TTAEYHATIKO onpEio
ETTIAEVETAI £TC1 WOTE vV
avTigToIXEi oTnVv idia BEon
META gg KABe pia BacgIkn
Movada Tou KpuaTdAiou

A A A A .

A A A _.al. - -

A A A A - .
A A A A - -

A

Movadiaia KuyeAida
(Unit cell)

gival n HIKPATEEN
KIBWTIOEIBNS ovdda
(TrapaAAnAeTTitTedo) evog
KpuaTaAAou n oTroid
gTTAvVaAQUBavOpEYn OF TREIC
KPUOTOAAOYPAPIKES
dlaoTdaelc OnpIoUpyEi TOV
KpUoTaAAo

NV
\ Unit cell

Lattice Lattice
point point




Movadiaicg KUPEALSEC TWV EMTA BAGLIKWY KPUOTAAALKWY GUOTNUATWYV
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Four Unit Cell Types

» Lattice points are
molecules or collection
of atoms (asymmetric
unit)

« Combination of 7 crystal
systems and 4 unit cell

types
o 7 x4 =28 expected
lattices

)?
— % 7

i

@
primitive (P) body-centred (I)
(a1TAn KUBIKA) (evOokevTpwpuévn)

=
foaio

face-centred (F) face-centred A(BorC)
(ohoedpIKG KEVTPWEVN)
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Simple cubic Body-centered cubic Face-centered cubic

ATTAR KUBIKA EVOOKEVTPWHEVN OAOESPIKA KEVTPWHEVN




AT1TAn KuBIki

1/8 Tou
~~_atéuou o€ 8
YWViEC

&

o Atopo/povad. kupeA. =1/8 x 8 =1

* MNAKOG aKuNAG Movad. KUWEA. = 2r
ApIBuoC ouvtaénc = 6 (6ykog = (2r)° = 8r%)

(O aplOUAG TWV MANCLECTEPWV YELTOVIKWV ATOUWV EVOC ATOHOU) V= E ‘?TTE'

3



KuBikn
EVOOKEVTPWHEVN




KuBikni
OoAOEDpPIKA
KEVTPWHMEVN




1o oTpWUA OQAIPWY OXNUATICEl Eva TETPAYWVO

20 OTPWHPA TQAIPWY TOTTOBETEITAI AKPIPWGS ETTAVW aTTO TO 10 OTPWHA.

ATTOTEAEOUATIKOTATO CUCOWPEUONG 52% (packing efficiency) — 48% ad&iog
XWPOg
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NMukvoTaTtn cuocowpeuon (Packing of spheres) 3 Y

EvOookevrpwpéEvn KuBIKN
(Body-Centered Cubic)

20 OTPWHO CYAIPWY TOTTOBETEITAI TTAVW OTIC OTTES” TOU 10U OTPWHATOG

ATTIOTEAEOMATIKOTNTA CUCOWPEUONG 68% — Uovo 32% AdEIOG XWPOGS




N ‘ =
A

\”{‘
N 3‘

NMukvoTaTtn cuocowpeuon (Packing of spheres)

OTPpWHA a

Eéaywvikn oTPWUA b
OIaOTPWUATWON ]
KUBIKT OTPWHA C

OlIa0TOWUATWON

AlaoTpwudtwon abab...

atroteAecpaTikoTNTA 74% / « AlaoTpwudTtwon abcabe...

atmroteAeopaTikOTNTa 74%

OAoedpikda
Eaywvikn KEVTPWHMEVN
povadiaia pjovadiaia
KuweAidal KuWeAida




lovTiKOi KPpUOTOAAOI

Movadiaia kupeAida NaCl

e -

\

Movadiaia kuypeAida NaCl
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Tetrahedral

- Dense
* Rigid
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Diamond Materials

* Physical properties

— Hardness

— Thermal conductivity
— Electrical resistance
— Transparency

 Natural occurrence
— India-Brazil-South Africa

— Volcanic eruptions from
regions of high T & P




Synthetic Preparations

- High pressure (1958 GE
process)

- B5 kilobars @ 1600K
produces small black
diamonds of industrial
quality.

- Low pressure (1986 GE, PSU,
USSR)

* CVD technology for high
quality single crystals
and polycrystalline
films.

* H, gas heated to
2200°C in the presence
of simple hydrocarbons.
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NepiOAaon aktivwv-X (X-ray Diffraction XRD)§! Y

To 1912 o Max von Laue* TTpoTeIve TO £EN1G:

— e7ed1] 10 A TV axTivey X eivoll GUYAQICIPO PE TIG ATTOGTAGELG METAED TwV
OY|PElWY TOL XQLOTAAMNOL TTAEYPATOG, TO TAEYU O pogodas va
neoxalel mepibhoon Twv axtivev X.

ZoMjvag aktivov X

\ Aéopn axtivov X

Aéopn
NAeKtpoviev

MoiiBdvo didppaypa Baroypagiich

nmAdkQ

*Max von Laue, (1879-1960). N'epuavoc Puoikds. (BpaBeio Nobel otn duoiki 1o
1914 yia TNV avakdAuywn TN TePIBAaoNS TwV akTivwv-X)



Movadiaiec kKupeAidec
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EF = FG =dsin6 :
Nouog Tou Bragg EEG = 2dsin® ' nA = 2dsin®
n=1,2,3,...
EFG =nA
‘ _C
| x"‘t
| A
D i *\ I “) ) H
0/ ™ | ) B > "
Y ® n I'-.LK \ > < \'T‘- _,-‘I | : ° Y
d | \ Pl
o' @ ° | o e °
20
;
& L L ] L L N L

I v stvae Toe oxe6alOpevo ®OUATA GE PULGY] TAM, 7] EETQX ATTOGTAGY] TTOL BLLVDOLY
(EFG) mpénet va sivont axguto TOAXTTALGLO TOL pnxovg #opatog A: EFG = ni



X-Ray Diffraction

Be
window
target—. - E W filament
E"' A
vacuum
X~rﬂy5

Fig. 3.2 Schematic design of a filament X-ray tube

Ka X-rays

e

white
radiation

intensity

cut
off

wavelength (A)

(a) (b)

Fig. 3.1 (2) Generation of Cu Ko Xevays. A \s electron is jonized; a 2p electron
into the empty ls level ((J) and the excess energy is released as X-rays. (b) X-¥
emission spectrum of Cu &



| ,) Why Use X-rays to Study Solids?

Powder X-Ray Diffraction (PXRD)
Randomly ordered, Imm crystals

PXRD fingerprint, compare to known
patterns

Ks‘rallml’ry phase identification,
er phase(s)

Single Crystal X-Ray Diffraction
(SC-XRD)

Determine crystal structure

Unit cell, space group and
asymmetric unit — 3D arrangement
of atoms

Incident Reflected
waves waves

Oscillating
electrons



Apop@a oTEPEd

Ta dpopda oteped OMWG TO YUOAL,
KaoutooUK, Sladopa MAACTIKA, ...
xapaktnpilovtal ano EAAewdn
nepLlodIknG tplodlaotatng SlteuBetnong
TWV OTOUWYV OTO XWPO. s_ I .
Hicon
Atomic Weight 28.086
Melting Point 1683.2 K

e To yuaAl eival amnod ta apxalotepa
TIOAUTLHA UALKA...1000 1t.X.

—  EXELTNV LKOWVOTNTA VO PEEL Boiling Point 3553 K
: , st lonization Energy 786.4 kJ/mol
— urnapyouv mteptrtou 800 : 3
Density 2.336 g/cm

Sdtadopetikol TUTOL YyUuaALou o€
Xprion onuepa - [Ne] §52 3p2
— 10 XpWwua Tou odeileTaL OTNV Atomic Radius ~ 117.6

TIaPOU GOl LETAAALKWV LOVTWV . <
(o€elbilwv) -

Ce

Electron Configuration

e mpdowvo yuaAi (Fe,0,1 Cuo)
e Kitpwo (UO,)
e MrmA€ (CoO kat CuO)

® KOKKLVO (TIEPLEXEL LLKPQAL
ocwpatidia Au ) Cu)



O1 1peic aAAOTPOTIKEC HOPWEC TOU avOpaka

Alauavri [ pagiTng douAepévio
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- Stable, soccer ball-like icosahedra:

- 12 pentagonal rings embedded
between 20 hexagonal rings.

- Abundant throughout the universe:

- Candle- and wood-burning; star-
burning

*  Uses and applications:

- Catalytic surfaces

transport of small molecules

lubricants

- nanotubes.




merican engineer, inventor,
designer, architect, writer, educator,
philosopher, and poet,

noted for his innovative use of
technology to deal with global
problems facing humanity in the
second half of the 20th century.




)\) NavoowAnveg

poxeuml yia owAnvoeidn uopia mou
amoTeAoUvTal amod dTtopa dvOpaka Kai
O1aBEToUuV 101aiTEPEC NAEKTPOXNHIKEG
1010TNTEC.

«  H avrtoxn Toug Tl'AﬂGngSI auTh Tou
diapavTioU, Tou o avOeKTIKOU UAIKOU TTou
vvan(ouus

- Edv ta vAuara cixav maxog éva xiAioato, 6a
pmopoUaav avtéEouv pdpog 20 Tovwy!

«  O1 mBavég TPAKTIKEC TOUC EPAPHOYEC €ival
TOAAEC Kal 101aiTeEpA TTOIKIAEG: Ba pmopoloav va
XPNoipoToInOoUV yid ThV KATAGKEUN

- TEXVATWYV HUWYV,

- UTepaywyipdwy VAIKWY Kai
- dKOUa YpnyopOTEPWY UTTOAOYIOTWY,

- yid Th dnpioupyia amoONKEUTIKWY HEOWYV Yyid TO
udpoyovo,

- dKOMa Kai yia PproiatpikEG epapHoYEG.



Fullerenes Cg,
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12,756 Km

1.27 x 10’ m . .
10 ekaTouuupla 1

POPEC MIKPOTEPN OIOEKATOUMUPIO
POPEG HIKPOTEPN



Atoms of silicon DNA Red blood cells Human hair
spacing 0.078 nm ~2-1/2 nm diameter 5 nm 500 nm (~7-8 um) ~50-120 pm wide

=-— Microworld —

Nanoworld
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Images adapted from http://www.er.doe.gov/bes/scale_of_things.html




my \) Eival Ta vaOvoUAIKA VEX TTPOIOVTA |

!

« O1 vavoTtexvoAoyia Ogv €ival KATI VEO

— O1 XnMUIKOoi ouvBETOUV OUVEXWC TTOAUUEPI) TTOU
BacifovTal o€ UTTOUOVADEC VAVOKAINAKOC £€0W KAl

TTAapa TTOAAQ Xpovia.
— To yaAa (avBpwTrivo yaAa Kail TO TTPWTOYAAA -
colostrum) TrepIEXE
* MIKKUAIO Kaleivng (casein micelles, 50 - 300 nm)
« TTPWTEIVEC OpOU YAAAKTOC (Whey proteins, 4 - 6 nm)
* AakToln (lactose, 0.5 nm)

« o@aipidia Aitroug (fat globules, 300 nm)



000 xpoévia TTpIv - vavoKkpUOTAAAOI GOUAQIBiwV
XpnoluyotrolouvTal atrd Toug ‘EAANVEG yia Tn Bagn
MaAAIWV

~ 1000 xpovia TTpIv — vavoowuartidia xpuoou yia va
TTOPAYOUV Ta DIAPOPETIKA XpwuaTa BITpw

1959 — “There is plenty of room at the bottom” by
R. Feynman

1974 — «Navotexvoloyia» - O Taniguchi
XPNOIUOTIOIEI TOV OPO VAVOTEXVOAOYIa YIO TTPWTN

popa

1981 — H IBM avatrtucoel To JIKPOOKOTTIO 0ApWONng
onpayyag (Scanning Tunneling Microscope)

1985 — “Buckyball” - EToTtriuoveg ota MNavetmioTApia
Rice kal Sussex avakaAuTtrTouv Tov Cg,

1986 — “Engines of Creation” - To TpwT0o BIBAi0
OXETIKA ME TN vavoTexvoAoyia atrd Tov K. Eric Drexler.

1991 — Avak&Auwn vavoowArva avepaka atro Tov
S. lijima

1999 — “Nanomedicine” — 1° BiBAio NavoiaTpIkig
ato Tov R. Freita

ENGINE
CREATION

K. ERIC
OREXLER

MARVIN

MINSKY




There's Plenty of Room at the Bottom

Richard Feynman at the annual meeting of the American Physical Society at the

_l
= g

California Institute of Technology (Caltech) on December 29th 1959

...As we go down in size, there are a number of interesting problems that arise. All things do not simply
scale down in proportion. There is the problem that materials stick together by the molecular (Van der
Waals) attractions. It would be like this: After you have made a part and you unscrew the nut from a bolt,
it isn't going to fall down because the gravity isn't appreciable; it would even be hard to get it off the bolt.
It would be like those old movies of a man with his hands full of molasses, trying to get rid of a glass of
water. There will be several problems of this nature that we will have to be ready to design for...

...What are the possibilities of small but movable machines? ... Lubrication might not be necessary.
Bearings could run dry, they wouldn’t run hot because heat escapes from such a small device very, very

rapidly.

..An internal combustion engine of that size is impossible. Other chemical reactions, liberating energy
when cold, can be used instead...

.. What would be the utility of such machines? Who kmows? ...I cannot see exactly what would happen, but
I can hardly doubt that when we have some control of things on a molecular scale we will get an
enormously greater range of possible properties that substances can have, and of the different things we
can do...
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il )) TOMEIG BIONNXAVIKWYV EQAPHOYWYV

—

K XhulKég:

— KOTAAuOn, MEUPPAVEC KAl TTPOIOVTA PIATPAPIONATOG, XPWOTIKEC KAl
ETTIXPioPATA, AEIAVTIKA, AITTAVTIKA, OUVOETA UAIKA,. ..

PAPUAKEUTIKES KAI BIOIATPIKEC:

— OIaYyVWOTIKA, PAPHAKA, VOVOXEIPOUPYIKN, BloaioBntipeg, BioouuBaTtd uAika

TexvoAoyia tn¢ mAnpogopiac:

— NBoypagia, cuoTiuaTa aTToBnKEUONC, KBAVTIKOI UTTOAOYIOTEG, . ..

lponyuéveg rexvoAoyiecg (yia TIC UETAPOPES KAl TNV AELOOIACTNIKN
Biounxavia):.
— a100NTAPEG, 0B0VEG,...

lNapaywyn KaiI HETATPOTTH EVEPYEIAC.

— KUWEAEC KaUaidou, PTTatapies, pTOROATAIKA, e€oikovounon/atroBnikeuon
EVEPYEIQG,...
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Heath and Fitness Subcategory

35 34 - Analysis: March 6 2006

Number of Products

Clothing Sporting Goods Cosmetics  Personal Care  Sunscreen Filtration
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http://upload.wikimedia.org/wikipedia/en/1/1d/Hard_disk_platter_reflection.jpg
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AuTO €ival eva To NPWTO POVTEAO OKAnpou diokou nou
KUkAogpopnoe To 1956 (61 cm pnkoc kai anoBnkevel 0.1
megabytes).

Ynapyouv NoAAG HIKpa owpaTidla oTnv ENIKAAUYN auTou Tou
diokou. Av KGvouue Ta owuaTidla PIKpOTEpA TOTE Oa
HMNOpECOUE va anobnkeUooupe neploooTepa dedopeval

XwpnTtikotnta Gb’'s — Tb’s

XwpnTikéTNTa 256 Gb...T



Images from:

>TN PayvnTiKn Topoypa®ia napakoAouBoupe nw¢ Ta KUTTapa pac Ba
avTanokpivovTal o€ Eva evaA\aooOPEVO PayvnTIKO nedio.


http://en.wikipedia.org/wiki/Image:Modern_3T_MRI.JPG
http://en.wikipedia.org/wiki/Image:MRI_head_saggital.jpg
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)‘) Movadikég IB1I0TNTEG TWV VAVOUAIKWYV NS
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* H xnMIKA OpaoTIKOTNTA O€ ETTITTEDO
VAVOKAIJaKaG ival TTOAU DIAPOPETIKT).

* 2NMAVTIKA augnuEvn ETTIQAVEIN avVA
uovada pdlacg 1r.x. 100 m?/g

* KBavTIKEG eTTIOPACEIG UE NOVADIKES
UNXQVIKEG, NAEKTPOVIKEG, PWTOVIKEG Kal
MayvNTIKEG I0I0TNTEC.

* NE€G XNMIKEG HOPPEG KOIVWYV OTOIXEIWV,
T.X., QOUAEPEVIA, vVavoowARVveES AvOpaka,
0&€idlo Tou TITaviou, 0¢gidIo Tou
Weudapyupou,...

SEI 5.0kv  X16,000 Tum WD 6.0mm

Nanowire Solar Cell: Ta
vavooupuata dnuioupyouv Jia
ETTIPAVEIQ TTOU Eival 0€ BEoN Kal
ATTOPPOYPA TTEPICTOTEPN NAIOKN
QaKTIVOBOAia o€ oX€on UE PIa ETTITTEDN
ETTIPAVEIQ - McMaster Univ., 2008




Nanophotonic Systems

— Nanophotonic systems work with light signals
vS. electrical signals in electronic systems

— Enable parallel processing that means higher N _ _
computing capability in a smaller chip ﬁasr:g%%rgfgﬁiieﬁjg\rlo';iaf?Bﬂ'l?rp?;;:h'p

Fuel Cells
— Fuel cells use hydrogen and air as fuels
and produce water as by product
— The technology uses a nanomaterial @ o
membrane to produce electricity & Qo 500 W fuel cell
Somes BEA — H2economy.com

Schematic of a fuel cell

— Energy solution center Inc.



Thermal ablation of cancer cells

— Nanoshells have metallic outer
layer and silica core

— Selectively attracted to cancer
shells either through a
phenomena called enhanced
permeation retention or due to
some molecules coated on the
shells

— The nanoshells are heated with an
external energy source killing the
cancer cells

., Nanoshells
) °

Nanoshells
Cancer

./ cells

Dead cancer
cells

Intact healthy
cells

Thermal ablation of cancer cells assisted
by nanoshells coated with metallic layer
and an external energy Source - national cancer

Institute
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\Particle Size in the Liquid-Liquid Dispersion Model l(
1 (a key to the Stability and Deliverability of Vitamins)

OAAKTWHO - Emulsion MikkUAIO - Micelle
100 nm

High-Pressure

Normal Emulsion . Super Emulsion Micelle
Homogenization
D
30-50 nm 5-10nm
n, 2 200 - 300 nm

2000 nm

i) (e e
Emulsion is easily High-stability
broken and aggregated




*The application of oil-soluble vitamins for water-soluble foods,
O/W emulsion technology is required. (It creates an emulsifier
barrier that maintains the uniform nano-particle size of between 30 - 50
nanometers, increases stability and delivers the vitamin in a highly
bioavailable form).

O/W emulsion
IS unstable

Emulsifier

|

| Development of
) ‘ Oll-soluble . Super Emulsion

vitamins

— | Technology
. 300 - 2000 nm S T
Poor Stability 30-50nm
Large Size Excellent Stability

Uniform Small Size
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Average Particle Size Average Particle Size
=33 nm =1.74 pm
10 100 1,000 10,000

Super Emulsion

Particle (nm)

B Commercial vitamin E emulsion
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~—b
Commercial “Super Emulsion”
Vitamin E Emulsifier Vitamin E

By the use of Super Emulsion Vitamin E series a transparent drink

containing vitamin E can be produced.
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| \) The Views of the Scientific Community: New Nano-specific
/ Toxicity Testing Paradigms are Required

47 a\ e
(&
\ 7,

"The European Commission’s Scientific Committee on Emerging
and Newly Identified Health Risks (SCENIHR):

— “Experts are of the unanimous opinion that the adverse effects of
nanoparticles cannot be predicted (or derived) from the known
toxicity of material of macroscopic size, which obey the laws of
classical physics.”

« The U.K. Royal Society and Royal Academy of Engineering:
— “Substances made using nanotechnology should be considered
new chemicals and undergo extra safety checks before they hit
the market to ensure they do not pose a threat to human health.”

* New paradigms of toxicology testing have been proposed (Nel et
al., Science (2006); Oberdorster et al., Particle and Fibre
Toxicology (2005)).



EAOMENA

Ta vavoowuaridla, Trapoucialouv yeyaAuTtepn dleiocduon oToug
TTVEUMOVEG Kal DIATTEPVOUV TOV AIATOEYKEPAAIKO gppayuo (Blood-Brain
Barrier).

Eicodo¢ peow NG €10TTVONG, Katatroong N digicduong JECw ToU
OEpMATOC.

MeyaAa KEVA TWV YVWOEWV HAG YIA TRV ACQPAAEIQ KAl TOUG
TTPOCOOKWEVOUG KIVOUVOUG VIO TNV UYEIQ.

‘EAAeIpn KavovioTiKwv AlIaTAZewy TToU va DIETTOUV TOV EAEYXO YIA TNV
EQPApPMOYN TNG vavoTeEXVOAOYiag, Kal TRV acloAdynon Kivouvou.

Ta TpoIovTa auTd KATA TNV ATToWn TTOAAWY ETTIOTNUOVWY OEV UTTOPOUV
va uttayovtal otov Kavoviouo yia 1a véa Tpo@Iua, apou To NEyEBOC
gival véou Kal OIa@OPETIKOU €idOoUG.

H kAipaka Tou puey€Boucg Toug gival KaBopIoTIKA yIA TIG TTIOAVES
EMMITITWOEIC OTNV UYEiQ.



‘ i ,) NavoTtexvoAoyia Kal Tpo@ipa

L | |4

kgiolpa EpwTnuaTikd

Evw o1 EQapuoyEC TNG VOVOTEXVOAOYIOC ETTEKTEIVOVTAI OIAPKWGS
oTNV Blounxavia Tpo@ipwy, gival Kpioiua Ta TTI0 KATW
EPWTNMATA:

* Mwg Ba agioAoynBouv o1 Kivouvol yia TNV UyEia Kal T
d1a0e0n TTPOIOVTWY VAVOTEXVOAOYIOC OTNV ayopd, EVOWEI TNG
EAAEIYNG HEBODWYV agloAOYNONG KIvOUVoU,

« [16T1€ Ba dnuIoupynOEi TO VOMIKO TTAQICI0 TTOU AEITTEl VIA TO
TPOYIUA - TTPOIOVTA VAVOTEXVOAOYIAGC;

 Oa tax0ei n EupwTtraiki ETITPOTTA UTTEP EVOG
HOPATOPIOUM 000 dev £xouv apbei ol Kivduvol yia TNV uyeia Kal
dev £xel OnuIoupynOei To VOUIKO TTAQICIO TTOU AEITTEL;



Aoc@AaAcia EQ@APUOYWYV VAVOTEXVOAOYIQG...

Worker Exposure Consumer Exposure

o Apeon etraen @i@_ X 31
— Xoprynon g =
PAPHAKWY Corsume E— Endof Lt
=i IGTpIKr’] Manufacturing
aTTeIkovIon T T :
— BloUAIKaG |
— TIPOOOETA rﬁﬂ{;
TPOPIPWV Ll
1= GVTnAIGKd Industrial emissions incinerators
— KOAAUVTIKA
° E}J}JSOT] a-rraq)r] Human Population and Ecoigfca! Exposure
— 2UOKEUOOIEC
TpO(pI'HU)V Exposure of human and the environment to nanomaterials at

different StageS of prOdUCt life CyC|e — US environmental protection agency, 2007
(epa.gov)



Kivduvol yia Tnv vysia

R

AucnuEvn TOCIKOTNTA | OPICUEVO

vavoowpaTidla gaivetal va F"Sib‘ﬁﬂ;g Qageel‘
TTPOKOAOUV (O€ EpyacTNPIAKES
MEAETEQ) :

— METAAANaZN Tou DNA,
—  OOMIKEC BAGRBeEC OoTa PITOXOVOPIQ

— aKOMN Kal KUTTapIKO Bdvaro.

* Navoowuparidia TiO, kal ZnO (o€
KOAAUVTIKA, avTnAIoKa,...)
TTapAayouv eAeUBepeC pilec Kal
TTpoKaAouv BAGBec oto DNA

NEW

« doulepévia Tou avBpaka (Cy):

*  QVETTIBUUNTEG ETITITWOEIC OTA UOPOPIa €idN

* XaunAa etrireda Cqy £XEI BPeBEi OTI TTIPOKAAOUV
BAGRBec o€ avBpwTTIva NTTATIKA KUTTAPA




« Buckyballs
reconfiguring
DNA?

Zhao et al (2005) Biophys J

Lynch et al (2006) Science STKE March 21
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Oxidation Reactions Mediated by
Single-Walled Carbon Nanotubes in
Aqueous Solution

LEI REN" AND WENWAN ZHONG* ' ™*

Environmental Toxicology Graduate Program and
Department of Chemistry, University of California,
Riverside, California 92521

Received May 28, 2010. Revised manuscript received July
28, 2010. Accepted August 5, 2010.

How single-walled carbon nanotubes (SWCNT) function in
redox reactions may be related to their behaviors in the induction
of oxidative stress. Herein, oxidation of several biologically
relevant reducing agents in the presence of SWCNT was studied
in aqueous solutions. The selected reductants included a
common indicator for intracellular reactive oxygen species
(ROS)(2,7-dichlorodihydrofluorescein), small antioxidants (vitamin
C, Trolox, and cysteine), and a high-molecular-weight ROS
scavenger (bovine serum albumin). The unmodified or carboxylated
SWCNT acted as both the oxidants and the catalysts in
reactions. Moreover, they accelerated the oxidation reactions
mediated by horseradish peroxidase, a representative
member of the enzyme family actively involved in balancing
oxidative stress. These diverse roles in redox reactions may
serve the chemistry basis for SWCNT to induce oxidative stress
in biological systems as potential environmental pollutants.

reports detected the presence of free radicals in SWCNT
suspension. (29—31) Previously our group discovered that
species with similar oxidation potentials as the peroxyl
radicals may be produced in SWCNT solutions, because the
SWCNT solution could oxidize ROS indicators for peroxyl
radicals and the oxidations could only be quenched by peroxyl
radical inhibitors. (32) The oxidation was positively related
to the surface adsorption of oxygen, which may form 1,4-
endoperoxide or 1,2-dioxetane via the addition of Oz across
a Cg-hexagon or to one C=C bond. (33) Moreover, it has
been revealed that SWCNT in aqueous solutions could be
oxidized or reduced by strong oxidants and reductants.
(34—38) Hence, we continued to investigate how SWCNT
were involved in the oxidation of ROS indicators and common
antioxidants like vitamin C, Trolox, and free thiol-containing
components. In addition, we explored the impact of SWCNT
on oxidations mediated by horseradish peroxidase (HRP), a
renresentative member of the enzvime familv activelv involved

Chr ~d Reagents. The present study focused on the
u «d and carboxylic acid-functionalized SWCNT
~~NT-COOH). Both were obtained from Sigma and used

s purchased. Information about the physical dimensions,
functionalization, surface area, and metal impurity of SWCNT
can be found in the Supporting Information, Table S1. HRP,
ascorbic acid, bovine serum albumin (BSA), and 6-hydroxy-

2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were

nuirchacad fram Sioma (St Tanie MO Cwvetaina 2 7-



« Carbon Nanotubes (CNT’s) cause oxidative stress in
cultured keratinocytes

— Shvedova et al., 2003,
— Manna et al., 2005:

— Monteiro-Riviere et al., 2005

* Anatase nanoscale titanium dioxide more cytotoxic than
rutile

— Sayes, et al., 2006
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Tattoo inks in general usage contain nanoparticles
T. Hagsberg, K. Loeschner,* D. Loff and J. Serup
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ur knowledge tattooing has never been thought of as a method of
anoparticles (NPs) into the human body by the intradermal route,
~ it has never been a topic of research in nanotoxicology. The content
‘nks is unknown.

Objectives To varticle sizes in tattoo inks in general usage.
Methods The particle

and X-ray diffraction.

- measured by laser diffraction, electron microscopy

._be divided into three main classes. The
black pigments were the smallest, the

Results The size of the pigments
~ pigments the largest and the col-
oured pigments had a size in between the two. The vast majority of the tested
tattoo inks contained significant amounts of NPs except for the white pigments.
The black pigments were almost pure NPs, i.e. particles with at least one dimen-
sion < 100 nm.

Conclusions The finding of NPs in tattoo inks in general usage is new and may
contribute to the understanding of tattoo ink kinetics. How the body responds to
NP tattoo pigments should be examined further.



N\
\

)) Risk Assessment of Engineered Nanomaterials
}

Helland et al, EST 42:640 (2008)

— 40 German and Swiss companies working with NMs

— 65% do not perform any risk assessment of their NMs
— 45% no toxicity tests

Participation in the UK’s voluntary program is minimal (DEFRA
2006)

U.S. voluntary system — as of May 2008

— DuPont and Office ZPI, while 10 other companies have
committed to reporting.



Nanomaterials in Consumer Products:
The Personal Care Industry Leading the Way

Oreal, the world’s largest cosmetics company,
is devoting about $600 million dollars, of its $17
billion dollar revenues, to Nano patents, and has
patented the use of dozens of “hanosome
particles” 800 times smaller than a human hair as
delivery systems for nutrients.

LANC OML

»
— With 192 patents in Nanotechnology, L'Oreal now
ranks No. 6 among Nano patents in the United

States.

— L’Oreal is focusing its research efforts and
expertise on engineering ultra-tiny particles that can
act on skin and hair in ways that naturally occurring
molecules cannot.

* Nano products introduced by L’Oreal include

— Reuvitalift (described by L’Oreal as containing

Nanosomes” of Pro-Retinal A), B I O N O V A
— Vichy Reti C, Biotherm Age Fitness Nuit, and NANO SKIN TECH
— Reuvitalift Double Lifting (which delivers vitamin C

into skin).

— L’Oreal intends to introduce cosmetics containing
Nanopatrticles engineered to produce more vivid
colors, including metallic’s and iridescent shades.

BIONOVA o |
TEMULATED P68 e - !

NrousToN i

(Photo by David Hawxhurst-Woodrow Wilson International Center for Scholars)
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August 2007 (RED) PRODUCTS CONTAIN

MANUFACTURED NANOPARTICLES

(RED) PRODUCTS CONTAIN
MANUFACTURED NANOPARTICLES PRODUCT MANUFACTURER

NANO
CONTENT CLAIM

NANO

MANUFACTURER CONTENT CLAIM

Om Narctacheclozy & Bunscrasns: A Consumer Guidl fr Avoiting Naso-Sunseraens | 11




TINY INGREDIENTS

BIG RISKS

NANOMATERIALS RAPIDLY
ENTERING FOOD AND
FARMING

http://lwww.foe.org/projects/food-and-technology/nanotechnology

New report: Tiny ingredients, big risks
Posted May. 21, 2014 / Posted by: EA Dyson

New report finds tenfold increase in unlabeled foods containing hanomaterials,
amid growing safety concerns

WASHINGTON, D.C.— A new report_(http:/libcloud.s3.amazonaws.com/93/1d/9/4694
/[1/TinyIngredients BigRisks.pdf) M by Friends of the Earth, “Tiny Ingredients, Big Risks,”
documents a tenfold increase in unregulated, unlabeled “nanofood” products on the American market
since 2008. The products containing unlabeled nano-ingredients range from Kraft American Singles
to Hershey’s chocolate. They are made by major companies including Kraft (KRFT), General Mills
(GIS), Hershey (HSY), Nestle (NSRGY), Mars, Coca-Cola (KO), Unilever (UL), Smucker’s (SJM)
and Albertsons. But due to a lack of labeling and disclosure, a far greater number of food products
with undisclosed nanomaterials are likely currently on the market.

“Major food companies have rapidly introduced nanomaterials into our food with no labels and scant
evidence of their safety, within a regulatory vacuum,” said report author lan llluminato, health and
environment campaigner with Friends of the Earth. “Unfortunately, despite a growing body of science
calling their safety into question, our government has made little progress in protecting the public,
workers and the environment from the big risks posed by these tiny ingredients.”

Nanotechnology involves the manipulation of materials and the creation of structures and systems at
the scale of atoms and molecules, the nanoscale. These nanomaterials differ significantly from larger
particles of the same chemical composition, and new studies are adding to a growing body of
evidence indicating they may be more toxic to humans and the environment.



Table 3: Commercially available nanofoods

http://www.foe.org/projects/food-and-technology/nanotechnology

Best Foods Mayonnaise

Unilever

Titanium dioxide

Betty Croker Mashed Potatoes

General Mills

Titanium dioxide

Betty Croker Whipped Cream Frosting

General Mills

Titanium dioxide

Blue Diamond Almond Beverage

Blue Diamond

Titanium dioxide

Breathsavers Mints

Hershey's

Titanium dioxide

Cadbury Milk Chocolate Bar

Hershey's

Titanium dioxide

Canola Active Oll

Shemen Industries

Nano-sized self assembled
structured liquids = micelles

Carnation Breakfast Nestle Titanium dioxide
Daisy Low Fat Cottage Cheese Daisy Titanium dioxide
Dannon Greek Plain Yogurt Dannon Titanium dioxide

Dentyne Fire Spicy Cinnamon

Mondeléz International

Titanium dioxide

Dentyne Ice Peppermint Gum

Mondelez International

Titanium dioxide

Dickinson’s Coconut Curd Dickinson'’s Titanium dioxide
Eclipse Spearmint Gum Wrigley Titanium dioxide
Fancy Flake Coconut Spartan Titanium dioxide
Fiber One Cereal General Mills Titanium dioxide

General Mills Trix Cereal

General Mills

Titanium dioxide

Good and Plenty Candy Hershey's Titanium dioxide
Hershey's Bliss Dark Chocolate Hershey's Titanium dioxide
Hershey's Bliss White Chocolate Hershey's Titanium dioxide
Hershey's Chocolate Syrup Hershey's Titanium dioxide




OTTwG pe KABe véa TexvoAoyia, padi ue
EMOIWKOUEVA, KATA TTACA TTIBavoTnTa Ba
UTTAPCOUV KAl aTTPOBAETTITEC DUOMEVEIC
ETTITITWOEIC.

YTTApXOUV KEVA OXETIKA JE TA DIATPOPIKN
AOPAAEIQ KAl TIC OUVETTEIEC TNG EI0AYWYNG
VAVOUAIKWYV O€ TPOPIUA KAl UAIKA OUCKEUAOIag
TPOYiUWV.

— [Mwg aAAadouv ol 1010TNTEC TWV VAVOUAIKWY oTav
EI0QYOVTAl O€ DIAPOPETIKOUG TUTTOUG TPOPIWV N
OTav dIAPPEOUV ATTO Ta UAIKA CUOKEUQOIAG OoTa
TPOQINQ;

— Ti oupPBaivel 6Tav Ta VavOUAIKA aAANAOETTIOpOUV
ME BIoAoyIKG cuoThuaTa, OTTWG TO AVOPWTTIVO
YOAOTPEVTEPIKO OUCTNUA;




