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CamoopeaaHu3auus?

GOLD-COATED SILICON WAFER is often used in studying self-assembled monolayers. In
this experiment the left half was covered with a monolayer having a hvdrophobic surface,
the right half with one presenting a hydrophilic surface. Drops of water flattened on the hy-
drophilic side but formed round beads that minimized contact with the surface on the hy-
drophobic side. The behavior shows that the outermost part of the self-assembled mono-
layer controls the wettability of the surface. The same strategy can be used to control ad-
hesion, friction and corrosion.






OpakmaribHble (bopMbl op2aHu3ayuu

functions mean by looking at Figs. 2.12.4 and 2.12.5. Fig. 2.12.4 1s an electron
micrograph of an aggregate of gold particles formed under highly nonequilibrium
conditions. The uniform-size SOA particles were in stable suspension because of
repulsion between the like surface charges. The charges were then chemically
removed. The particles diffused until they collided and then stuck wherever
o they hit. The process is known as diffusion limited aggregation (DLA). The mass

Fig. 2.12.4. A fractal aggregate of gold particles. [Courtesy of D. A. Weitz]




JKuokue Kpucmarisibl

(camoopzaaHu3ayusi 6onbUUX
op2aHU4ecKuUx MoseKysi)



{Umo makoe XuoKue Kpucmarssbi?
(@aHU30MpPOrHbIe XUuoKocmu)

B cpemue# mxoxe BCeX HAC YYHIH, 4YTO BemeCTBO CYmeCTBYeT
TOJMBKO B TPEX COCTOAHWAX: TBOPHOM, Ku/IKOM B rasoofpasHoM. Onma-
KO 8TO HE BIOJHE BEepHO. B 9aCTHOCTH, HEKOTOPHE® OpPraHEYeCKHE
MATEPHAJE NEPEXONAT M3 TBEPHOro COCTOAHMA B KUAKOCTH He Cpasy,
a MCORTHIBAIOT PAR NEPeX0noB, BKAOYAOMUX HoBhe daset. Mexamm-
geCK@Ee CBOMCTBA ¥ CBOMCTBA CHMMETPHMH 3THAX (a3 HpPOMEKYTOYHEIe
MEKNY cBOHCTBaMu ;Kmukoct# u kKpmcradma. Ilo sToii mpmumne omm
9aCT0 Ba3HBATCH NUOKUMU KpUCMAALAML. DOJNee IOXXONAmee
HasBagme — Mmezomopgdnsie asn (Me3oMopPHEIE 03HATAET OPOMEKYTOY-
nBl), uAw mesofasul.

Kpucmarnribi JKuokue Kpucmarsisl




Monekyrnbl XXUOKUX Kpucmarsios u ux
yrpoweHHbIe Mooersu

(a) (b)

Fig. 2.7.2. (a) Space filling model for the molecule 7S5 (Fig. 2.7.1). (b) Model
of (a) as a rigid rod or ellipsoid of revolution with length I and diameter a.



BuOb! yriopssdodeHuUs XXUOKUX Kpucmarisios

(b)
H3omporiHas
ga3za . 0.0 »
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® .‘ ¢ ..
T o ® a. ®
- (c) A
Cmexkmuueckue XK
\/

(d)

(b) Hemamuueckue KK 173D

Fig. 2.7.3. Schematic representation of the position and orientation of
anisotropic molecules in (a) the isotropic, (b) the nematic, (c) the smectic-A,
and (d) the smectic-C phases. The direction of average molecular alignment
in all but the isotropic phase is specified by a unit vector n. The layer normal

tor fha accaasia a0 L



Hemamuyeckue me3ogha3sbl

1) B pacmono:xesnB DEETPOB THKECTH MONEKYI Ja4bHUL nops-
gox omecymemeyem W, CHAAOBATENbEO, HA PEHTIEeHOTPAMMAX HOT

SWALLIZAK
\'H‘/n\l" (\\\H
. l”\‘; \‘\‘ln\l \

\!
NANVEN Wb
\l'\ll/“l| I“| ll\\\l

@ur. 1.2. PacuoaokenHe MONGKYT B Hemamuveckoll Mesodase.

Oparropckmx nmkoB. HoppenAuws noNo)KeHEE IEETPOB THIKECTH
COCOTHEX MOJOKYJX IonoOHAa KOPPENANHEHA, CYMECTByOmeHR B 00ng-
BOUd mEnKocTE. U neficTBATENLHO, HEMATEKA TOKYT KaK KASKOCTH.
Jna TEDEYENX HeMAaTMKOB, TakmX, Kak ITAA, BA3KOCTh HOPANKA
0,1 nyas?).

2) Nmeerca, ofHAKO, ONPENENGHHKIA NOPANOK B HANDAEACHUU
MOJEKYJl — OHH EMEKT TeHACHNHK YCTAHABIRBATHCH HAPANASBHO
HOKOTOPOU o6me#i ocH, XapaKTOPU3YyeMoOHd E[MEHYBEIM BEKTOPOM
(anm gupeKTopoM) n. ITO OTPAKAETCA HA BCEX MAKPOCKONEIECKHX



Cmekmu4yeckas (crioeeas) gpasa
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TepmomporiHbie KK ‘
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JluomporiHbie KK

- CMeKTMRE (07 TpEYECKOr0 OPYPUC — MBIIO) — 3TO HasBaHHe,
xoropoe Opugean Aan ONpefeTeHHRM Me30(hasaM ¢ MeXaHHIECKHME
'CBOHCTBAMH, HAIIOMAHAIONIAME CBOHCTBA MELI. CO CTPYKTYDPHOHE TOYKH
BPEHHA BCE CMEKTHKH CAOUCMbE ¢ UeTKO ONPefeJeHHKHM PacCTOSHHEM
MexAY CIHOAMH, KOTOpPOe MO;KHO HM3MEDHTHh C NOMOIMBI0 AnPpaKmEn
penTreHoBCKRHX aydeid %), Cm



[lpederibHbIe 2pyrinkl cUMMeEMpPUU
- 2pynrbl Kfopu

LLPJL FLLY YR IVANG AL L \Z LY NoETXAVLAVE A X J RARR . &&crar - -y =

Takoil xxe KOHYyC, HO He BanlaIOHlI«IHCH xapauepusyeTCH TOUEy-
HO{l TpyHIoil oo/m, T. €. OCbl0 CHMMeTpUH OECKOHEYHOro MOpsAKa

4

AAADI
l CQQ

7) e)

Puc. 7.1. TeoMeTpuieckne (GUrypbl, CAM30/JTH3HPYIOUIHE MNpe/edbible TOYCdHbIe TPYIINBl CHM:
MeTpHH; oo, mpapas W Jeas (a); com (6); oo/m (8); 02, npaBass u Jaesad (e); co/mm (0);
coco, paBas U Jesasi (e); cooom (vc).

g GeCKOHEUHLIM YMCJAOM MPOXOASAIINX BHOJb Hee MJOCKOCTeH CHM-
merpuu. Ocb cHMMeTpPHH B KOHyce mojisspHa. Takoil CHMMeETpHEH
o6janaer, HampuMep, OLHOPOAHOE 3JIeKTpHYECKOe I[10Jie: OChb CHM-
MeTpUH B HEM COBIIajaeT C HalpaBJEHHEM 3JEKTPHYECKHX CHJOBBLIX
JIUHUH.



- Cummempus
fun yropedoserss | fagypapmne | Xupame |
(a) (J{ /5{
e - e
/ L:‘ I ( > .
sy 00 00 /77 00/00
IRRIRIN ~
7 ,'Iu',l,l s B ?
e B o
co/mm o7/ & s
u||||||||||| =
SEsra
- lmuunnu h ,
IR e
IR RAR LA S
I |
B/ 5

1IN
s

Cummempus KK a3

B ;vAvvlvllJl:A, VN Y SULTR AU LI LI AN AL 1 QIIIOV L PRI CLax

¢u3nueckux cBOMCTB. Kaxjoi }KI/II_[KOKpPICTaJIJ]quCK')H
Gase mMoxer OBITb IPHNHCAHA BNOJHE ONpPEJe]eHHAs CHM-
METpHsl, CB3aHHAA C THIOM YNOPSJIOUEHHSI H C CHMMET-
pueit camux MosekyJa. CyllecTBeHHBIM OKa3bIBAeTCS HAJH-
‘YHe HJIM OTCYTCTBHE Yy MOJIEKYJ IJIOCKOCTH CHMMETPHH: MO-
JIEKYJIbl, KOTOpble HEe COJMep:KaT HHKAKHX ILJIOCKOCTEH CHM-
METPHUH, MOTYyT OBbITh «NPaBBIMH» H <JEBBIMHY», HX Ha3bl-
BAlOT xupaavHoimy MosexkynamMu. COOTBETCTBEHHO H TOUEY-
Has CHMMETPHS TPYII TAKHX MOJIEKYJ He COACPKHT IIC-
CcKOCTeH CHMME’I‘pHH

N A e R T A A e S e

L e

P-nc, 30, Tunel ynopsAOuYERHsT W TOYEYHAS CHUMMETPHS PAa3JIHUHBIX THHOB MUIAKHX

KPHCTAaNNOR. | — M30TPONHAA MHUAKOCTb; [/ — HeMaTHUeCKHH XKUAKHH KPHCTAJJI;

111 — cvextnuecknlt A xuaxuit xpucradi; IV — cmektuueckuit C xuaxni KpPHCTaJLIL.

Bo BTOPOM H TPeTheM €TONOLAX MOKa3aHbl reOMETpHUYECKie dburypsi, umelom.ue CHM=
METPHIO COOTBETCTBYIOWIHX THNOB IKHAKAX KPHCTAJJOB.




XupalbHocmb

The methyl group on the 2nd carbon atom
_,/ on the alkyl chain of the molecules extends
~ / out of the plane of the paper and the hydro-
gen atom extends into the plane of the paper.
Therefore the 2nd carbon can be thought of
as a right or left handed coordinate system

o HHHHH
mirror images | ' f— pa—

H-C-C-C-C-C~=( [ )/ ~C=
HHHHH  npon-chiral
HHH H

H-C-C-C-£,-C— /| “C=N

: CH, ;
3 hon-superimposable HHH "H chiral (RH)



Monekyrbl ouckomu4deckux KK
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R Mosexyaapunii pec: 1634

168°C 253 %
TECDIAH P [11CROTICC KA HEMITHHCC K 4:3—-£ 10T PO Ead sl
22T pealE

R - C4Hg to Cngg

Fig. 2.7.10. Some plate-like molecules forming discotic liquid crystalline
phases.




KornoH4Yyamsie gba3bl pasfiudHou cummempuu

Fig. 2.7.11. Plate-like molecules in (a) a discotic nematic, (b) a hexagonal
columnar discotic, and (c) a rectangular columnar discotic.
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Coru XupHbIx Kucsiom, gbocgornunuoskl

i Hydrocarbon

> Chain
< Air, Gas or Oil
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(a)

Fig. 2.7.12. Examplqs.of lipids: (a) SDS, a soap with a singl H, H H H, H, H, H, Oe @
DMPC, a phospholipid with two tails. Phospholipids are th O O 0 2B e 1B 1B ¢+
constituents of cell walls. HyC* *CY *CP 2CM 3Cr i et et ey

H, H, H, H, H, H, H H, 0

Puc, 1.3 HOHHOSE TIOBSPIXHOCTHO=URTHEHOS BEN KT MOV CTSRIPEITa. HETPHs
TRICTEOPACTCH 5 BUIE



CYILIRCTBOEIHHE THIOBHOTO MOMEHTA MOMET HBHOSTE TAKKS OT O
HuA. Hexomopeie (ochonunuasl, noncdHeie DMPC (dinyriston! phosphatidyl-
choling) CTAHOBATCA HOHHPOEAHHBIMH B NPHCYTCTERH BO/ILI, XOTH HPAKCHHEIC
YACTH HE OTACIAIOTCA OT MOVICKYIIBL (PHE, 1.5). DT0 TAKAE HMEST MECTO B 20 aMH=
HOKHCIOTAX (ATAHHH, BEUTHH, JSIUHH H T, M., BOS OHH XHPATEHEL 3 HCKTIOHEHHEM
LTHUHHA), KOTOPLIS ARIAKTCA OCHOEHBIMH CTPOHTEIBHLIMH OUIOKAMH NEPEHY=
HOI (JIMHEHHOI) CTPYKTYPhI OHWIOrHYSCKHX NonuMepos (puc. 1.6). Mbl Oyaem

0O

[Toeepxnocrno-akteHoe BewecTso DMPC

C3sH7 NOgP
Monekynspuetii Bec: 678




1.3.6. Boaa, sBopopoanas cesizk. ['napoguasusiii u ruapopodbusiii apdextn

Boaa — 210 ®uakocte nanbosiee pacnpocTpanennas Ha 3emie. 210 Kuj-
KOCTh MCKJIIOYMTEILHAS M0 CBOMM CBOIICTBAM: OYE€Hb BLICOKHE TeMMepaTyphl
NAABIEHNS W KHNenns, 00bIIas CKpLITas TeNJ0Ta NapoodpazoBaHus, MEHbILAS
MAOTHOCTH TBEPAOTO COCTOAHMA (J1e]1) N0 CPABHEHHIO C AMAKUM K T. 1. Bee atn
0CODEHHOCTH OOBACHSIOTCA HAIHYHEM BOJOPOAHLIX CBA3EH MEKY MOJIEKYIaMH
H-0. Bonopoanas ceg3b BOZHHKAET, KOIa aTOM BOOPO/AA, KOBAJIEHTHO CBA3aH-
Hbilf C CHALHO WIEKTPOOTPHUATEILHEIM atoMOM X, npuodperaeT HeKOTOpbIi
NONOKHTENLHLIN 3apsaa 7, AocTarouno cuabHLIi, uToGLI 00pa3oBaTh No cvile-
CTBY WIEKTPOCTATHYECKYIO CBA3L C JAPYIHM WIEKTPOOTPHLATENBHBIM aTOM

(puc. 1.11). CF Oememes H—N
T
- ¥ - o4 : — i
6x 6 6" 6R N eeee H —N » Nbi‘]_,
; . \ ¢ /
X-H .. Y-R L Y. =
Prc. 111, BoAopoaHas Cas3b MEKLY ABYMA aroMesimMu rpynnamu, XH u YR, koy  Torons / -
COACPRAT CHILHO NICKTPOOTPHIATEILHBIE aTOMBI (X 1Y) a 3A
e BE——

Orciona cumsosnimyeckas 3anucs: XH ... Y. O6wsiuno X.Y = O, N, F, Cl, S.
Taxas cBA3bL MOKET COEAHHATE MO0 OTACALHBIE MOIEKYJIbI (MEKMOIEKYIPHAS
BOIOPOAHAS CBA3b), MO0 Py NILI BHYTPH OIHOI MOJIEKY/1b! ( BHY TPHMOIEKYISP-
Has BOAOPOAHAS CBS3L). DHEPrus BOAOPOAHOI cBs3H nopsaka 2 — 10 kkan/mons
(0,1 0,5 2B/Monexyny), 4To OKa3LIBAETCA MEALY IHEPrHAMH CBA3bL 1 Ban-nep-
Baaneca (00b1uno 0,01 2B/Monexyny) u kosanenTHoii cessu (~ 5 2B/mMonekyay).




AccounaTHEHBI XapakTep BOOOPOIHONH CRATH B BOAE 0DLACHIET Judpodghol-
sttt MpPekT, T. e oveHk CAadyVIo PACTBOPHMOCTE B BOJE HEMOIAPHBIX MOJIEKY
(Takux, kak waceiuennsie vrnesogopoas CH:(CH=),,CHy). Henonapueie ua-
CTHILI HE MOTYT YYACTROBATE B 0OPaIOBAHHH BOAOPOIHLIX cEAZeil. bynyun no
QIHHOYKE HIOTHPOBAHHEIMH B BOJIE, TAKHE YACTHLE OKATLIBAKITCA OKPYHEHHbI-
MH «ENeTKOl» W3 Monekyn eoasl (puc. 1.12,4). [Ina coxpavenna TeTpaapHue-
CROI CETEH MONERYE BOJLL, 0DPATYIOIIHE KIETKY, DOTHHE BRIOPATE Cneundu-
YECKYI) OPHEHTALMID, NO3BONAKINIY IO HI0eHATE PA3PLIBOE BOAOPOIHEIX CBA3E
vacTHuei. Takoe nodasounoe yropsdouenie IMTPONHITHO HEBLITOAHO, H 3TO
ODLACHAET, NOYEMY HENONAPHLIE YacTHUW ruapodotue, Hyxna nolapounasn
IHEPTHE, UTOOEI NOTPYINTE HENOIAPHYIO HACTHILY B BOAY. DTO TOT #e CaMblil

ruapoodHsii MuperT, KOTOpPLI OTEEHAET 33 NPHTEKEHHE MEEAY HENOIAp-
HEIMH 43cTHUAMH B Bone, Monekyael cobupaloTes EMecTe, YTOOL YMEHLIIHTE
MIOIAE NOBEPXHOCTH KIETKH, T. . YMEHBIIHTE NOTEPID IHTPOMHH.

H, nakonew, o0LvHe ropopaT o cudpodhibnan abdlexme, ecnn MONEKYILN CHIkL-
HO B3auMoneicTey T ¢ Boaoi. banane mexay ruapodobusiv 0 rHapofHIbHEM
B3AHMOIEHCTRHAMH YIIPARNIET NoBeaeHHeM aMpuiniLHLIX MOJEKY, Conep#a-
WHX KAk rHApodoOHYIo, TAK 1 THAPOGHABHYIO TPV




cone spherical micelles

truncated cone
or wedge

(a)

globular micelles

()

inverted
truncated
cone inverted micelles

(b)

cylinder planar bilayers

(d)

truncated
cone bilayer vesicle

(e)

Fig. 2.7.13. Different local structures formed by lipids: (a) micelle, (b)
inverted micelle, (c) cylindrical micelle, (d) flat bilayer, and (e) closed vesicle.
Average shapes of the lipid molecules favoring the various structures are also
shown. Note that asymmetric shapes favor nonzero curvature. [Adapted
from J.N. Israellachvilli, Physics of Amphiphiles: Micelles, Vesicles and
Microemulsions (North Holland, New York, 1985)]
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Puc, 19, Mokvwsipizs  opMa  BRISLIERCT  PEIRTHUHER  TCOMSTPHI  MOHOCKA
MOBSPXHOCTHO-ARTHEHON BENKSCTEIL () TEOCKVIO. () IHUTHHAPHUISCRVIO. (6) Siwepiie-
CEVIO 2 SOOI HYIO, PrUty Sl KPHENZHED MEMOPELH MOTYT OTIHMETTCH OT JUTHHEL
MOTCKYIIE CMae HEUTPIMEP, ()




JluomporiHeie Xuokue Kpucmarisbl
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Fig. 2.7.14. Phase diagram and schematic representation of phases of
aliphatic chains in water showing micellar solutions, lamellar (L,), and
hexagonal columnar Hy and H, phases [courtesy S. Gruner].
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TpexmepHo-riepuoduyecKasi IUOMpPOrHas

cmpykmypa (gpoz2oeas

¢a3za)

Murumu3upymcs:
08EPXHOCMHas dHepaus;

3Hepaus yrnpyaux UCKaxxeHud,
audpamHsle cursibl

Plumbers nightmare

Fig. 2.7.15. Schematic representation of a surfactant surface in the triply
periodic “plumber’s nightmare” phase [D. M. Anderson, S. M. Gruner, and

S. Leibler, Proc. Acad. Sci. USA 85, 5364 (1988)]. This phase has the
symmetry of a periodic crystal.
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(a)

Fig. 2.7.16. (a) A lamellar microemulsion phase with water, oil, and
surfactant layers. (b) Schematic representation of a random bicontinuous
phase in which there is a random surfactant surface separating oil and water
regions.




Cxemamu4yeckoe cmpoeHue buorioau4yeckou
MembpaHsbl

Integral
protein

: | ..:/- Polysaccharide
Glycolipid \

Integral
progein

Hydrophobic Phosphalipid

Cholesterol o helix

Figure 431 Schematic of a cell membrane. [Adapted from . Voet and
I.G. Voet, Biochemistry, 2nd Edition, Wiley (1995)]



buornoauyeckue cucmemabl



[ eHemu4ecKu 3aroXxXeHHas ripoepamma
(KoOupoeaHHas camoopaaHu3ayus)

3arnyckaemcs pa3fiu4Ho20 poda 8o30eucmeusmu

Nucleus .

(DNA) |
6‘I~GVW\905 / \
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RNA, Proteins




YesroBeYECKMM OPraHmusM cocTouT npuMmepHo us 100 Tpur-
JIMOHOB (MWLIMOH MIIIMOHOB) KAemok. JluamMeTp GOJbIIMHCTBA
13 HUX HE IIPEBBINIAET AECATOM JOAM MWLIUMETPa. BHyTpH Kax-
JIOM KJIETKU €CTh TEMHOE YIULIOTHEHHOE TEJIO, Ha3bIBAEMOE A0POM.
[Tosub1il HaGOP reHOB Ha3bIBaeTCs 2eHomom. B siipe conepaxutcs
JiBa FEHOMA — OJIUH OT MaTepH, Apyrou ot orna. (Mcxwnouennem

SIBJIIIOTCS IIOJIOBbIE€ KJIETKHU, COJEpPKalle TOJbKO OJWH Te-
HOM, Y KpaCHbIE€ KPOBSAHbIE KJIETKU, BOOOIIE JIMIIEHHBIE S1/1pa.)

Kaxap1ii resom coaepxut npudauszureasbo 60 000-80 000 re-
HOB, COOpaHHBIX Ha pa3HbIX Xxpomocomax. (Kax BbI momumTE, Y
yesioBeKa 23 XpoOMOCOMBI.) B ieficTBUTEIBHOCTH MEXK/y TeHaMU
MATEPUHCKOI'O M OTIIOBCKOIO FT€HOMOB BCErJia €CTh HEKOTOPHIE
OTINYMSI, B PE3YJIBTATE YErO Yy OJHMUX JIOACH IJIa3a roayoble, y
Apyrux — kapue. OT poaurenss K pe6EHKy NEPEAAETCS TOJIbKO
OJIMH '€HOM, HO /IO 3TOT'0 MEXY MATEPUHCKUMHU U OTIIOBCKUMU
XPOMOCOMaMU IIPOMCXOAUT OOMEH y4aCTKAMU — PeKoMOUHAYUUA.




pmsnesn NAONONNY, o

JHK HamotaHa
Ha 6enkoBble
«6YCHHbI»
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BOJIOKHOM

Metnu
XPOMaTUHOBOIO
BOJIOKHA

Yinagka nerenb
B XpoMocome

Xpomocoma
Ha OfiHOM U3 cTagum
DBeNneHUn KNeTKu




Cmpykmypa AHK

(Oe3okcupuboHyKrneuHosas Kucrioma)



JHK w PHE, komopsie KONTPOIHPYIOT MEHETHYECKY ) HHPOPMALIHIO B HHBRIX
cucTeMax. B 3THX mMonexynax 4eTeipe OCHOBAHHA, a7EHHH, TYEHHH, LHTOIHH
i timuH (B JIHK) win ypauun (B PHK), xuMuuecks npHcoeInHensl K 0CHOB-
noi uenw, coctogmeil nubo w3 pudosel (ans PHK), nubo w3 aezokcupudoiw
(ana JIHK). Ocrosanna oanoi uenu odpasyoT BOA0POAHLIE CBAIH C DCHOBAHH-
AMH coceanel uenu. 3neck onate rpynnel NH chyxar ans Boaoponsex ceaseil
nomopamu, a rpynne C=0 — akuentopamn. Bogoponnas cesis BMecTe co cre-
pHueckumy dperTari 1aeT B BLICIUEH cTenenn cneunHueckoe cnapHeanme:
UHTOIHH CBAILIBAETCA C IYAHHHOM, & a7IEHHH CBAILIBAETCA C© THMHHOM B JIHK
win ¢ ypaunnom B PHEK (pwc. 1.21, a.6). Hawnywinee cornacosanne mewny
ITHMH BIAHMHO KOMTUIEMEHTAPHEIMH OCHOBAHHAMH ODECTIEYHBAETCH, KOI/IA 1B
COCEIHHE LENMH IAKPYUYHBANOTCH 0aHa BOKpYT apyroi (puc. 1.21, &), Ormerym,
YTD HANPARJEHHE BOAOPOIHOH CEAZN NEPNENIHKYASPHO OCH ABROHHON cnnpa-
ni. [ocnenoearenbHOCTE OCHOBAHWI BIONE LENOYKH COXPAHAET NFEHETHYECKY IO
HHPOPMALIHI, 3aNHCAHHYIO C NOMOILEIO YeThIpex0yKBEHHOIO AndasnTa.
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Puc. 1.21. BoaopoiHee CBRZH MERITY OCHOBAHHAMK: IMTO3HH — FYAHHH (@) H L1EHHH —
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We wish to suggest a structure for the salt of deoxiribose
nucleic acid (D.N.A.). This structure has novel features
which are of considerable biological interest



LleouHas crniuparnb [JHK
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. Guanine
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It is evident that the diffraction pattern from DNA possesses some of the
teatures predicted by Cochran et al. for the scattering from a helix. In particular
there is a characteristic cross of Bragg peaks. From the position of these peaks
along the meridional (vertical) axis the period of the helix is found to be 34
A, while from the angle of the cross it can be deduced that the radius of the
helix is 10 A. The double nature of the helix is only apparent from a detailed
analysis of the pattern. Most tellingly the reflections from the 4'th order layer
are missing on the film, although the 3’rd and 5°th order are clearly apparent.
Indeced Rosalind Franklin herself was aware that this feature of the diffraction
pattern could be explained naturally by assuming that DNA is formed from two
intertwined helices as shown in the middle part of Fig. 4.31«. If the two helices

W senine are displaced along the common 2z axis by an amount A, then this corresponds
B Thymine N to an azimuthal angle ¥ = 27(A/P), and the scattering amplitude becomes
B Guanine
.
e p 45(Q,,9,Q,) x (1+¢ (7)) 1, B) (4.65)
I(DE
- Y with Q, = n{2x/P). The waves scattered by the two helices interfere in such
Io— J 2 3 A A : N
She - — a way that the intensity of the 4°th layer reflections becomes vanishingly small
| v - - - when A/P=1/8. 3/8.5/8 ete. ~ o
-
(- -
- - %.
- - -
Sk - -
-10
-10 0 10

The double helix of DNA. Top: Fibre diffraction data for the B conformation
of DNA, (Image provided by Watson Fuller, University of Keele, UK.) Middle: The structure
of DNA is formed from two intertwined helices displaced axially by 3/8 of a period, The
backbone of the helices is formed from polypeptide chains, and the “steps” from a pairing
of hydrogen bonded bases, adenine with thymine, and guanine with cyvtosine. Bottom: The
intensity calculated from Eq. (4.65) for two helices displaced by 3/8°ths of a period.



ystems raged on for some time. It was only 1 1955 T
H. Staudinger was awarded the Nobel Prize in Chem
istry for his fundamental studies of macromolecules. The

Nobel Prize for_1954 went to Linus Pauling, stressing his
—— —_—

Fig. 7. Sculpture of the double helix by the sculptor Bron Marklund
Photograph by the author

(8 C 14 2 .

and thus complementing cach other, is a simple
consequence of the twofold symmetry with the twofold
axis being perpendicular to the axis of the double
helix. The other was the manner in

novel feature

which the two chains are held together by the purine
and pyrimidine bases. “They are joined in pairs, as a
single base from one chain being hydrogen bonded to

Fio. 8 The doubletelix on a medal of the Pontifical Academy and on a
Swedish stamp
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Fig. 9
entrance into the ‘Hall with the Fountain at the
Istanbul. Photograph by the author

fruncated icosahedron sticking out of the wall above th
Topkapi Saray 1
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Koz0a knemka npucmyrnaem K desrieHuro U Heobxoduma dornonHumensHas [JHK o0ns dodepHux
Krnemok, ghepMeHmbl Ha4uHarom «paccmeausams» necmHuuy [JHK, kak 3acmexKy-«MOSTHU,
obHaxkast uHOusuOyasibHble OCHOB8aHUS. [pyaue chepMeHmMbI rnpucoeOuHSm coomeemcmeyrujue
OCHOBaHUSsI, Haxo0sauwuecs 8 okpyxarouw,el Xuokou cpede, K napHbIM « OBHa)KusWUMCSI»
ocHogaHusiM — A Kk T, [ k Ll u m. 0. B pesynbmame Ha Kaxxdou u3 08yx pasowedwuxcs yeneu [JHK
oocmpausaemcsi coomeemcmeyrow,asi el yerb U3 KOMIOHEHMO8 OKpyXXatrouw,el cpeldbl, U UCXOOHasi
MosieKyna 0aem Ha4vasno 08yM O80UHbLIM criuparisim.




E1e ofHO OT/IM4YM€e COCTOUT B TOM, UTO CJIOBA B KHUTAX MOTYT
MMETh Pa3HyIO JUIMHY, a KOKAOE «CJIOBO» F€HETUYECKOTO Koja
BCEI/la MMEET JUIMHY B TPU HYKJIE€OTH/IA, KOTOPbIE 0003HAYAIOT-
ca crepyiomumu OykBamu: A (agenun), C (nmurosun), G (ryanun)
u T (Tumun). Kpome Toro, Texcr renoma 3anucas He Ha Gymary,
a MHKPYCTUPOBAH B JUIMHHYIO IIOJTMMEPHYIO I[€I1b OCTATKOB CaXa-
pa pu6o3el u pocopHoil KucaoThI, M3BecTHYIO Kak JJHK (me-
30KCHPHOOHYKIenHOBass kucaoTa). Kaxpas xpomocoma npen-
CTaBJI€eT COOOM Mapy JUIMHHBIX (OYEHb JIMHHBIX) CIMPAIBHO
3akpydeHHbIX HUTEN JIHK, B KOTOpPBIX GYKBBI-HYKI€OTH/IbI BbI-
IIAAAT KaK OOKOBbIE OTBETBAEHMSI, OGPAIEHHbIE JPYT K JIPYTY.

lenHoM — 510 OueHb «yMHas» kuura. Ilpu GraronpusaTHbBIX
YCJIOBHSIX OHA MOXET CAMOCTOSTEIbHO KOIIMPOBATHCS U YUTATh-
cs1 6€3 ubero-mbo yuactusi. Konuposanue reHomMa Ha3bIBaeTCst
penauxayuen, a CYATHIBAHUE «PEIENITOB» IS IIPUTOTOBJICHUS

6enxoB — mpancisyuel. Permmkanys BO3MOKHA 6J1aroapst Bask-
HOMY CBOMCTBY HYKJIE€OTHOB — CIIOCOOHOCTH OOGPa3OBBIBATH
naper: Au T taroreior apyr k gpyry, Tak xxe Beayr ce6s G u C. B
pesysibrare ogHonenodeunas Mmoaekyaa JJHK moxer 6biTh 3a-
TPABKO U151 06Pa30BaHMs CBOE KOMILIEMEHTAPHOMN KONUU: K
Hyreoruay A npukperuisercs Hykreotun T,k T — A,k G—C, a
k C — G. 3aTem napHble HyKJI€OTH/IbI CIIMBAIOTCS B HOBYIO IETTh
JAHK. Umenno B Bune 0sounom cnuparu UCXOAHOM U KOMILIE-
MeHnTapHou nene /IHK mpeacrasiena B xpomocomax.
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Kak Tbi HECOMHEHHO 3Haellb, FeH — 3T0 He YTO UHOE, KaK Mo-
crienoBaTteNibHOCTb OKOMO 3,5 MUNNMAPAO0B NPOCTbIX OpraHUYeCcKux
OCHOBaHWI, KOTOPbLIE pPacnonaraoTcs NofobHO CTyNeHbKaM NeCTHn-
bl MeXay OByMs HUTAMM M3 docdata 1 caxapa. ITv ToH4auLwme
HAHOMETPUYECKME HUTU CBUBAIOTCA B 3HAMEHUTYIO ABOVHYIO Chin-
panb, O KOTOPOW HblHYe Y KaXAoro eCTb 4T0 CKa3aTb.

Bnaroaaps XMMMUYeCKUM CBA3AM OCHOBaHMA 0bpasyloT napbl, Co-

CTAaBNSIOWME CTYMEeHbKM NECTHWUUbI, KOTOPble COEAUHSIOT 00e HUTK.
Y 3TUX OCHOBaHUWM €CTb Ha3BaHUA: NyYaHWH, UMTO3UH, afeHUH 1 TU-
MUH. Ho kyaa m3sectHen ux nhnumansl — I, U, A, T. Paclungpoeka
reHOMa COCTOWUT BCEro Nilib B YCTAHOBNEHUM ovepeaHocTn nap AT
u UIr B aton necthuue. He bonee toro. Heobxoaumo yCTaHOBUTb
ouepeaHocTs okono 3,5 munnuapaos nap dykes AT mnan L. MHoro
v 310? Ecnum Obl kaxpas 6ykea A, T, T 1 L, Bbina wvpnHon BCero
OfIMH MUNAIMMETP, TO NOC/Ie PACMONOXeHNa BCero reHoMa B paf OH
okazancs 6bl gnvHHen ronyboro [dyHas. A 3TO KaK-HWKaK Camas
OAnvHHan peka B EBpone. Y4100bl Mpo4ecTs ux Bce, noTpeboBanocs
©bl Oonee cra net. Hemano, pa?




Kak rony4aTb AaHHble O NOCNenoBaTenbHOCTK ocHoBaHWA B [IHK,
npuayManv, pasymeercs, buonory 1 reHetuku. aTHaauate nobpo-
sonbues 8 CLLA, KOTOpbIM rapaHTMpoBany CoOXpaHeHue aHOHUMHOC-
TV, Jann cornacve Ha wsenedexne Huten [OHK u3 snep KieTtok mx
KpOBM W Cnepmbl. HUTU 3T BBEN B KIIETKA nobumon bronoramu-
skcnepumeHTatopamu Gakrepum E. coli, u knetkn 311, cogepxatume
yenoseyveckyto [OHK, pa3MHOXalOTCa B cHorclmbaTenbHOM Temre.
Kononuu E.coli npomssogar JHK, kak ManeHbkue abpvikv. Han

STUMM KOMIOHUAMM NEPEMELLIAOTCA PODOTLI, KOTOPbIE NPOBEPSIOT Pa3-
MHOXeHHble BakTepusamu E. coli Hutn [JHK, otbunpaiot nyuwme k3em-
NNApbL, a Takke [OenaT HUTe Ha 60 MUNNMOHOB KOPOTKUX hparmMeH-
TOB. Kaxabin takon dparmeHT coaepxut He Gonee 10 Tbicay riap AT
unu LIT. @parMeHTbl 3T OTMPAaBIKIOTCA B KanwuinapHble TpyoOku, co-
CTaBAIOWME HalTb TEXHONOMMHYECK U3OLPEHHBLIX YCTPOWCTB ANs Oe-
WNPPOBKK reHoMa.

KanvnnsapHble TpyOky 3acacbiBaloT kKyccdky nutenn OHK. Ouu
nepemMeLalTcs BAOb CTEHOK Kanunnspos BBEPX W CTyMeHbka 3a
CTyneHbKow BouiIxoaat Hapyxy. ATUTILIAT... v tak ganee. Kaxaas
Takas CTyreHbkKa Win rapa OCHOBaHWWM, KakK TONbKO OHAa BbIXOAWUT
Y3 Kanunnapa, TyT Xe OCBeLIaeTca CUMTbHbIM fIy4OM Na3epHoro cse-
Ta. A NOCKONbKY CTyNeHbka — 3TO OCHOBAaHWE, TO eCTb XUMUYecKoe
coefiuHeHne, oHa ucnyckaer Gnoopecumpyiowmn CBeT onpeaneneH-
Horo cnexktpa. CrnekTp napbl OCHOBaHWW, BbIWEAWWX HaPyXy U3
Kanwunnapa, Tot4ac npeobpasyercs B YNCNEHHYIO BENVYMHY 1 nepe-
[AeTCA B KOMMbIOTep Ans aHanwsa.



The Diffraction Limit (a quick reminder)
Diffraction limit
 Predicted by Ernst Abe more than a century ago

« Put in mathematical form by Raleigh

1.224

2nsin @

Ar 2

Where Ar=minimum resolvable distance between two objects
i =wavelength of light
n = refractive index of the medium

@ = semi-angle of the objective used for collecting the light
« High quality microscopes Ar = /2 = 250 nm for visible light
” » Criterion was established assuming propagating waves

« Can criterion can be circumvented by going te the near-field of an cbject? (1)



Near-field Optical Measurements: “Tapping into the near-field”

Near-field optical detection 5 Conception of an instrument

» Concept 1928 by Edward Hutchinson Syng = E.H. Synge, "A suilggeste;:l Tr:ethc?d for extending the o
= : ' microscopic resolution into the ultramicroscopic region," Phil.
E.H. Synge Phil. Mag. 8, 356 (1928) Mag. 6. 356 (1928).
= E.H. Synge, "An application of piezoelectricity to
microscopy,” Phil. Mag. 13, 297 (1932).

Molecule or
nanoparticle

O required fabrication of a 10-nanometer aperture (much
smaller than the light wavelength) in an opaque screen

O A specimen was scanned very close to the aperture

O As long as the specimen remained within a distance less
than the aperture diameter, an image with a resolution of
10 nanometers could be generated.

« Experimental realization much later: 1983 (technological advances: laser, piezomoter, etc)
Pohl, D.W., etal, M. Appl. Phys. Lett 44, 651-653 (1964).



NSOM Instrumentation / Idea
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Ouirika BUYTPH THGPAKIHOHHOTO
Hpe1e/ra: NpHHIHIBL, pe3yibTaThbl,
ﬂp{l'ﬁﬂE Vbl [Nopobuas waea Oua npeanokena eme b 1928 1. [1], wo
OHA HAMHOTO OTIEPeINa TEXHHYECKHE BOIMOKHOCTH CBOETO
BPEMERH B OCTANAck MPAKTHIECKH Helamevennoi. Eeneppoe
NOITBEPAASHRE DRIIO NONYVIEHO B OTIRITAX © MHEPOBOITHAME
[2] B mavane 50-x rogoR rpyima HoChefoBaTened H3
Loprxckoif mabopatopen |BM "npommena savTpe mHg-
paKIHOHHOTO Tpefena” | NpoJeMoHCTPHPOBATA patpelre-
uie 420 na npudope, paboTaroilleM B BHIAEMOM ONTHYE-
CKOM JHANAIOHE H MONYYHBIIEM HAYBAHHE "OIHKHEMONE-
HE crampyionnm onTHveckrd mukpockon’ (BCOM) [3).
Heckomko pankile B Toll ke nafopaTops OBIN conjau
NepBuli CRAaNHpYIOMHE TyHHenbHRIE mukpockon (CTM),
TPHHECITHH e BOEMHPHVIO HIBECTHOCTE.

d << A
h <<A

Puc. 1. Cresa ROTOKOEHO-0NTHYSCKOTO OTIMKBECHOTREOTD 30Ea: | —
FAOCTPEHEOS ONTIMECKOS BOIOKED, J — MeTAMIHYeCKOS NOKpRTR:, T —
MPOXOAAIEE Yepes 307 HATyqcHRs, § — BRIXOJEAA AMEpTYpa 30H7A
(d < A}, § — MOBCPYHOACTE BCCneOyeMoro oopazm, & — paccroamie &
MERAY BocIeayesoil NORSMEOCTER 1 anepTypail souaa (k < 1), [Mysx-
THPOM o4 pieEa G0 TACTE OTITRHENOTEROT O EOHTAKTAL

Pa3peweHue ropsioka AN20



Al-mokprTie
Aneprypa = 250EM

Momapimarap

Bonokro -
BamkBce mone

Dfpasen

Puc. 2. Baog-ciesda OMIRHEIOTEROTO MIEEPOCKONA: | — wom poofine-
THE, pafoTAKIME B OTPakcHBOM CReTe, 2 — MEpooinekTiER, pabo-
TAKMIN B Apoxoamess cheTe, ¥ — MECSOTRI ITETE AT Ne PeME e
3oHaA. [TyEETHpOoM ovepieEa 06nacTE Ak BEnO MEHOTO KOHTAKTA.

[na DHONMOTOR DONBIIOH HHTEPEC MPEACTABIAET BO3-
MOKHOCTE ODHApy®eHnsa ¢ nomome BCOM momunec-

MEHTHEIX METOE, 00MaJaI0IHY H30Hpa TENEHOH cnocotHo-
CTRIO K CHENJEHHIO C PATTHIHEIME WIEMEHTAME BHYTPHENE-

TOMHOH CTPYETYPR B yuacTkaMu JIHK. »




Kpurepnit Pones #piasercs ool M3 WUROCTpauui
NpUHIMna neonpetenennoctn eiizenbepra, cornacno koTo-
poMy 10088 HONLITEAD HOBBICHTEL CTENEHL JTOKAIM3AINN WK
TOMHOCTL ONPEACICHHS MOM0KeHH: AY HCTOMHMKAD CBETA
NPUBOIAT K BOIPACTAHNIO Heoupeetennoct Ap, — conps-

#ennoro umnyiasca poronos. IMpu paccesnnn doronos B
MAKCHMAILHOM  AManalzone yriuos —7n/2< @ <m/2
Ap. = hiAk, = 4nh/L (h nocrosunas Ilnanka, k. x-
KOMIOHEHTA BoaHoBoro sektopa k) u Ax = 4/2. Boamox-

Ax Ap, 2

Ap = hAk =h (2K ) = h(41/A) =

2h/A




Crneaver, 0JHAKO, HMEThL B BHAY, 4TO COOTHOIICHHE
HEONPECICHHOCTH B caMoM oDIIeM BHAEC OTHOCHTCH K
HOJOMCHAKD YACTHLLL B UMIYILCHO-KEOOPIUHATHOM [pPO-
crpauctee. Ilostomy, orpaHd4HUBas OAHY M3 KOMIOHEHT
BOJAHOBOIO BCKTOPA, OHO MO3BOJMCT BAPLUPOBATL APVIHE.
Moxkno npuusThL, nanpumep, k, =0, k; = -1y, 1ae 7y
BELIECTBEHHOE OJIOKHTELHOE YHCIIO. Torna
ke = (k2= k)" = (k2 + )" > k. Mpn 7 — oo obaacTs
AOUYCTHMBIX 3HAYCHWI A, HeOorpaHWYeHHO pacrter, a Ax
MOKET OBITE CKOJIbL YTOAHO MaJIbIM.

Ap = hAk, =h (2k )

Ax = h/Ap, =~ 1lk




«briuxHee rosey

MBI MOKEM TENEPL YTOYHHTEL MOHATHE ' OJIIKHEE mose’,
ACCOLHHPYS €ro ¢ 00J1ACTBIO CYLIECTBOBAHNS 3aTYXAIOIINX H,
CCA0BATEILHO, HEPAAHAUHOHHBIX BOJIH, aMILUIHTY I3 KOTO-
PBbIX MEHSIETCH C PACCTOSHHEM Z OT TPAHHIBI Pa3/ieiia cpejl
HIH  MAJIOTO  PACCEHBAIOMIEIO O0BEKTA [0 3aKOHY
' xapakTepu-
3yer rAyOHHY NPOHHKHOBEHHA 3aTyXalomeil BOJAHBL H 10
MNOPAIKY COH3MEPHMA C PA3MEPAMH CYOBOITHOBOTO PACCEH-
paTeis. B wactnocTu, g quadparMel paguycomM ¢ B TOHKOM
NPOBOAHIEM JEpane 7~ == 2a. JLis NOBEPXHOCTH CO COWK-

E(z) = E(0)exp(—7z), rae y > 0. Benuuuna ¢~




Bethe HA Phys. Rev. 66 163 (1944)

Peurenue 3aga4m O NPOXOKJACHHM CBETA 4epe3 jAua-
dparmy paguycoMm ¢ <€ A B OCCKOHEYHO TOHKOM NPOBO/Isi-
[eM skpane ObL10 Brepssie noayyeno bere [8]. Okaszaniocs,
4yTO auadparmMa Takoro pasMepa nponyckaeT 3HavUTeILHO
MEHBLILIC CBETAa, YeM MOKHO OXKWAATh, IKCTPANOIUPYS
pe3yabTaThl pacyera nupu a > A. B wacrnocru, ceuenue
PACCESHHUS ¢ HENOAAPUIOBAHHOIO CBETA CBA3AHO C BEJINYHU-

HOWM @ ¥ BOJHOBLIM YHCIOM k& = 21t/ A cOOTHOLIEHHEM

S sint0). (1)

VIO A JACHHA H3JIVICHHA.




B peansnoil cHTvauun H3-3a KOHCYHOH HPOBOIH-
MOCTH METALIHYECKOTIO JKPAHA (IOKPLITHH ) MHHHMAILHLIN
yppek THBULI paauye aHadparMel OHPEIeIseTCs TOIIN-
HOM ¢ ckui-ci1o8. C y4eToM 9TOI0 OKHIAEMOE NPEILILHOEe
paspeleHue A8 300034 ¢ alIOMHHHEBBIM [OKPLITHEM B
BHAMMOM  [QHANAZOHE CIHCKTPAa  COCTABIseT Axg, =~
a2 20 = 13 @M, 4YTO COOTBETCTBYET IIVYIIHM  JIKCHEPH-

MCHTAIBHBIM PC3VIILTATAM

d HPAKTHEC Malle BOCTO
HCIIO I B3VHOT ,ELHHII)FH["MB[ ¢ a0 HM, HCXOOH U3 KOMIIPO-
MHCCA MUY RCTHACMBIM PASPCILICHHCM M JOHYCTHMBIM
YPOBHCM OTHOILICHHH C'-[’II"HE’LH",-"[II}'M.

a= 20+ 50 nm




Example. NSOM images of single fluorescent molecules

Near-field observation of single fluorescent molecules through a polarizer

]

L 3

« Dipole axis of molecules in solution rotates over time

) Molecules seem to light up and go dark over time

Note: resolution below the diffraction limit

A.G.T. Ruiter et al., J. Phys. Chem. A,101, p 7318 (1997)



Modified slide from Kobus Kuipers and Niek van Hulst et al.

Transmission of light through a near-field tip

Excitation

NSOM
probe

/ FIB treated probe
Aperture ~20-100

nm
Protein, dendrimer, DNA,

et

single
fluorophore

Thin polymer film,
self-assembled
monolayer,
cell membrane, etc.




Mo32 Haw Ha peOKocmb CJ/IOXKHO yCmpoOeH, 8 3ImMoM
rnpuduHa HecoseepuweHcmea 4es108e4eCKoU XXU3HU.

[loamomy He cmoum oxudamb, YMO Hawa XXU3Hb
Ko20a-HuUbyob cmaHem uodearsibHoU.




[lneHKu JleHamropa-briooxxem



”

MonekynsapHoe KoOHcmpyupoeaHue

2

MOLECULE

MONOLAYER

MULTILAYER

G EHIL S LG, SR USRI e
known as liposomes are among the ear-
liest successes. Since the 1960s, bio-
medical researchers have been experi-
menting with liposomes as a vehicle

GG GGYL G R UE UGG s ousasy -
one end ol the phospholipid is attracted
to water, and the other end is repelled
by it. When placed in an agueous envi-




Surface pressure, ] [au)

Area per molecule,a [a.u.]
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surface pressure

temperature

.. 1. A generic phase diagram of fauty acid monolayers. The shapes of the
unit ceiss in different phases determined in the x-ray diffraction experiments
are shown. Solid lines represent first-order transtions and broken ones
second-order. Dotted lines are due to phase transitions unrelated to symme-
try changes.




Balance with

Barrier Wilhelmy plate ~ Barrier
>

Trough with subphase

Figure 4. Schematic illustration of a Langmuir film balance with a Wilhelmy plate electrobalance
measuring the surface pressure, and barriers for reducing the available surface area.




The Instrument




monolayer on liquid surface
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[lpedsapumerbHas
10020Mo8Ka MOOSIOXKEK wae  headuoail wiliodall  head-io-head tail-is-head

X-iype on a hy drophobic Ytype on & hydrophilic Z-type on a hydrophilic
surface surfsce surface



[lonyyeHue nneHokK JleHamropa-briooxem (2)
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X-deposition Z-deposition

(@ (b)
Figure 3.2 (a) X-type deposition; (b) Z-type deposition.

Substrate
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Substrate A
(d)



GOLD-COATED SILICON WAFER is often used in studying self-assembled monolayers. In
this experiment the left half was covered with a monolayer having a hvdrophobic surface,
the right half with one presenting a hydrophilic surface. Drops of water flattened on the hy-
drophilic side but formed round beads that minimized contact with the surface on the hy-
drophobic side. The behavior shows that the outermost part of the self-assembled mono-
layer controls the wettability of the surface. The same strategy can be used to control ad-
hesion, friction and corrosion.
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Figure 3.3 An alternate-layer Langmuir—Blodgett film built up from
monolayers of compound A and monolayers of compound B.
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Figure 3.4 Reciprocal capacitance per unit area versus number of mono-

layers for Aulcadmium stearate/Al structures. The inset shows the
structure of the metal/LB film/metal capacitors. (After Batey, 1983.)




LsymepHas kpucmannu3ayusi 6ernkos

l‘l\/dt‘ﬂFaOlHi')|(4‘ proteins may be adsorbed at the surface of
water by specific interactions with a monolayer ol
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Electrode / molecular monolayer / electrode
junction

Bottom Top electrode
electrodes

Support Molecular layer

Arrays of interconnected electrode / monolayer / electrode tunneling
junctions can be assembled combining the Langmuir—Blodgett technique
with electron beam evaporation.
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Figure 6.17 Response of a 45-layer copper phthalocyanine LB film to pulses
of 2 p.p.m. ammonia. The LB film is deposited onto a planar interdigitated

electrode array, as shown above. (After Wohltjien et al., 1985. © 1988
IEEE.)
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[1o03ameopHbIl msulating substrate
ouarnekmpuk (a)

Semiconductor Gate  [nsulator

Insulating substrate

(b)

Figure 6.25 Alternative structures for a thin film field effect transistor.



Apyaue npumeHeHuUs:

1. OmpaxxameribHble OugbpakKyUoHHbIe peuwemku
Or11 CreKmMpomMempo8 PeHMmMaeHo08CKo20 duaria3oHa.

2. lNokpbimus (usbupamerbHbie uribmpbl) Ori COMMHEYHbIX
bamaped.



Bragg mirror
Antireflection coatings (Fresnel equations)

Bragg’s law: T
deosf)=mi. *~ "I Ty

ver .
aeage e T
g — — & — O— — § — -

d cosf
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1S CHITeTIrRCKIR TV IBVKPLI

FTovmas L (IUME MEMKTSORV ISR — 370 ARUICKIILE IDEIOIHE OCUILIn IO
MEUBEEYTUAPE IO MELCCY 18 OOCTOMMNES 103 MEOIHX MEVIRE CTPVRTY HL Sume
(URMCHTAPHEEY. IHCHECH)L COCNHHCHHEEY. CIIIGHEIME KUEEVICHTHLIME CRTIAMIL
EXCTOCTESHHEINE TRVIEMSTEMIE SENAIOMGA OSNKIL A/URIOVICTES 1 penm [lovne
MIEPEE. COPUSTEIHHEIE CNEHERNELIMI CTPYEYPHEMIE SUSHINEEL HIYILIET-
CH OAVYNMANEEATI. TOITES KK oovadmaweey SOUISTTGET CURHICING THIR: SBCHLEE

B ASCTHH. [OOMCTPHA SEKPOOMUICKYTL! SUHCHT OF BWICHTHOMN CTPYRTYPHE Cor

SIS CTPVETY PHLIN SUHInE BB IpsosCTeiiens SO HES  maeuiery dANEEANR. KK-
IS EECHO OO TOUILKDY © IEVMA OOCERAMIL KUK B JTHECHHON TV
JUCHE 1l e, .13, of CTPYVRTY s coumeHuci anmeel —CHa — B passemanc-
HEEX. MEKPCOMUICKY I HCKIMOPOE Y0 CTPYVETYVHEEN. CUMHn JMGET EyIEHT-
HOCTE, OOUIRUIVKS EM JNEL 1 OHH COSMEHCHLD © TPEMA OoOCTAIME W Ooes
Croee, 1.13. 00 H. HRosEIL BERTTOPLES TCVEHMCTEE HIMGIOT CTTVYRTY A, B TPl
FECHL UMD CEUSIHLD B TPOSMCTHOM IPOCTTRHCTES — CUBELIE IVEHMG-
Pkl HUME TRUMEMCHBRE TR (pus. 1. 1S e By e syinen Psihibl e NP
JUIEHCHEIONG TOUNMMECTRL. <aCIIENTND, TCRMENEH OSPL] B TRUTHMGHYIO OETRY.
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@u3uKa paccrioeHus (pasoerneHusi ghpacMeHmMo8) MakKpOMOJIEKY 1 CmMpoumcsi
Ha OCcHoge obwel meopuu yrnopsido4eHus1 8 GBUHaPHbLIX cMecsx Xudkocmel
(crinaeos), pacCMOMPEHHOU paHee ¢ MOMOWbIO pewemoYyHouU Mmodenu.

lNonHomacuwmabHas cezgpezaalusi HEB03MOXHa 8criedcmeue KogarieHmMHou cesi3u
Mmexxoy briokamu. Bmecmo amoao ripoucxooum sioKasibHoe (MukpogasHoe)
pa3deneHue hpazameHmMos uernu ¢ obpaszosaHuem

obriacmeu, obo2aweHHbIX briokamu A unu B.

X=(k;T)[e,,-1/2(c,, +&5)] - napamemp ®nopu-XazauHca;

30ech ¢ Y

rosfiuUMEepPHbIX 38EHbES6. TeHOeHUUS K pa30eneHwo rNosiuMepPHbIX br10Ko8:

X>0; x~ T

€4 U Egg IHEPCUU, OMHOCAWUECAH K rapHbIM g83aumoodelicmeusiM




Synthetic self-assembly :
block copolymers

monomers : styrene, dienes, acrylates, oxirans, siloxanes
synthesis : mainly living anionic polymensation M_/M, = 1.05

Q\/_v\
AB diblock W

ABA triblock ABC star block

e~

AB_ comb (AB), multlblock



Block Copolymer Phase Behavior

¢/ Matsen and Bates (1996)
“xN” interblock segregation strength:

» At low N, block copolymer melt is “disordered” or homogeneous

At high N, block copolymer melt is “microphase separated”

ChE 384 — YLL lecture notes; 6/17, 6/19/03



At equilibrium,
« Blends: get macroscopic phase separation of A and B

» Block copolymers: only one component, no macroscopic phase
separation, but get A- and B-rich microdomains (comparable to size
of block; order ~ 10 nm)

increasing volume fraction of “red” block (¢))

>100%

o

ChE 284 — VYI! | lactiire notae: A/17 A/149/0R



Comparison of theoretical and experimental phase diagrams

Matsen et al Macromolecules 1994.1996 Khandpur et al Macromolecules 1995

Y

st C ., ; ¢!
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Theoretical Treatment of Block Copolymer

Phase Behavior
Composition profile of a block copolymer (¢ = 0.5)

AN <<10 xNg10 ANz10 AN>>10

Strong Segregation Limit
& | (Semenov, 1985)
Disordered VODT‘ Ofdef;sﬂ ‘ - Vahd When ZN > 20
F\/\\/ » Square wave profile; assumes
W TTE small characteristic interfacial
¥ =% thickness

<r> '.

Bates, Science, 1991. * Predicts d ~ N3 (chains are

Weak Segregation Limit (Lelbler, 1980) more stretched out than when
they are in a random coil
» Valid when yN ~ 10 (onset of microphase configuration)
separation)

* Assumes Gaussian random coils but accounts for
monomeric interactions

* Predicts d ~ N2 (similar to that of homopolymer
random coils; unstretched)
ChE 384 — YLL lecture notes; 6/17, 6/19/03




Block Copolymer Morphology: BCC Spheres
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ChE 384 — YLL lecture notes; 6/17, 6/19/03 N. Sota, et al., Macromolecules, 36, 4534, 2003.



Block Copolymer Morphology: Alternating Lamellae
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ChE 384 — YLL lecture notes; 6/17, 6/19/03 D.A. Hajduk, et al., Macromolecules, 27, 490, 1994.



Block Copolymer Applications
AB Diblock ABA Triblock

A VG

L]
S

o‘g‘* ’ ﬂ j‘  thermoplastic elastomers
0‘:’ ,é » hot-melt adhesives
t'i\ \) -« toughening additives for
k;/) E ~‘ plastics
\3 é’ « surfactants/rheology modifiers

4
L/
< 3\
'?L“;# ,’E a*1) + asphalt modifiers
‘j‘ 9 i *"S’ « sealants and coatings

R

A -- glassy spheres B -- rubbery matrix
(e.g., polystyrene) (e.g., polybutadiene)

* nanostructured materials

ChE 384 — YLL lecture notes; 6/17, 6/19/03
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Figure 16. SEM image of PS-PFS mask after the PS has been removed
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Typical molecular interaction curve

repulsion

1 distance
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Potential energy
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[Tpumepbi KOMOUdHbIX Yacmul

Figure 1I.1-1 Transmission (TEM a) and scanning (SEM b) electron micrographs of
spherical monodisperse ZnS particles obtained through homogeneous precipitation-
aggregation from aqueous solutions of zine nitrate demonstrating the range of sizes
possible: (a) Sample 55SN, R = 103 nm, 8 = 3%, scale bar 400 nm; (b) Sample 13, R

= 1.414 pm. & = 1%. scale bar 2 pm. The size and polydispersity were determined by
TEM.




Camocbopka u3 KosiriouoHo20 pacmeopa

Capillary Forces

c
i)

o

c

2
@

S
w

Glass
Substrate

Figure 1.4-1 Schematic representation of the vertical control drying method. Particles
are transported towards the drying front by a flow that is the result of the
evaporation, and crystallized under the action of capillary forces and other surface

tension effects,
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OcHo8HbIe oripederieHUs

A photonic crystals is a periodic arrangement
of a dielectric material
that exhibits strong interaction with light

penodic in
one direction two drections

Lattice constants comparable to the wavelength of light in the material.



[lpumepsbi:

AccV Spot Magn Det WD Exp 1 2um
20.0kV 3.0 15000x TLD 49 1

1D: Bragg Reflector 2D: Si pillar crystal 3D: colloidal crystal



Two-dimensional photonic crystal

S loum
l ® © & 0 O
) ® ¢ & ¢ O
® & ¢ ¢ O
® © & ¢ O
® &6 6 ¢ O

~N

High-index
dielectric material,
e.g. Si or GaAs




Morpho butterfly




planewave
1 1 . 71
E , H ~ e’ (k-¥—ot) for most A, beam(s) propagate
I 2T through crystal without scattering
‘k ‘ =mw/C= 7 (scattering cancels coherently)

...but for some A (~ 2a), no light can propagate: a photonic band gap



A

Dispersion relation

w =ck

standing wave in n

N\

2

// bandgap

frequency o

w

>

T/a
wave vector k

n : high index material
n,: low 1index material



Bragg scattering

Incident light

S EXXXX

Regardless of how small the reflectivity r is from an individual scatter, the
total reflection R from a semi infinite structure:

—ikx —ikx 1

. —Iihre—ih & ‘—41'1":]? +. . . =7e

R=re™ ;1 re L e

Diverges if

g _1 j=2 | <= Bragg condition
a

Light can not propagate in a crystal, when the - — ’
frequency of the incident light is such that the =% g;:?éngc;fpthe photonic
Bragg condition is satisfied



High Reflectivity, Thermally and Environmentally Robust
Multilayers Coatings for High Throughput EUV Lithography

0.8
l,SV.l :%)Bnc 0.7 i Mo/B4C/Si
Si [ 70%at 135 nm f‘%é
Si 06 F FWHM =0.55nm
WIE i 50 bilayers
4 £ 05 X
,E -
o g 04
_ 4 c 03k
e 3 i
0.2F
e ———— —| "
Substrate b
0.0 1 | | | | 1
2 HS T Au (1.70 nm) 120 125 13.0 13.5 140 145
' S (4.1 4nm) Wavelength (nm)
B4C (0.25nm) | d=6.88 nm
Mo (2.09nm) | I'=0.34
B4C (0.40 nm)



3D Photonic Crystals

*Woodpile structures *Focused Ion Beam
*Colloidal crystals
Inverse opals

Photonic Bandgap: No propagation of light with frequencies
within the bandgap for three directions !

W.L. Vos [AMOLF] S.Y. Lin et al, Nature 394 (1998) 251

www.photonicbandgaps.com for lots of information and more



Nanophotonics examples
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K. Kuipers
Trapping light in AMOLF
photonic crystals Anomalous transmission
through nanohole arrays
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DNA-templated quantum dots




Silica fiber transparent at 1.55 ym
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Miya et al., Electron. Lett. 15, 108 (1979)



oy Optical fiber:
-y long distance communication
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