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Abstract

Solid-state luminescent materials based on 7m-conjugated molecules attracted enormous research
interest due to their wide range of applications. Most of the luminophores that are highly luminescent
in the solutions showed poor emission in the solid state due to aggregation caused quenching and limits
their practical applications. Design and synthesis of solid-state photoluminescence materials with
switchable emission behaviour is therefore a promising area of research in materials science. However,
there are several designs and design parameters were put forward to achieve solid-state emissive
materials with high quantum efficiency and stimuli-responsive behaviour, a detailed study exploring
the combined effect of molecular structure and solid state packing is necessary to understand the exact
mechanism behind enhanced solid-state photoluminescence. Here this investigation pertains to design
and synthesis of cyanostyrylbenzene and cyanostyrylthiophene derivatives with enhanced
luminescence properties along with stimuli-responsive emission. The research tries to understand the
aggregation-induced emission and the stimuli-responsive emission properties supported by molecular
structure and packing parameters derived from single crystal and powder X-ray diffraction. Apart
from the stimuli-responsive emission switching, the study examined the low-temperature
photophysical behaviour of some cyanostyrylbenzene derivatives to understand the role of restricted
intramolecular motions on luminescence lifetime. All the cyanostyrene derivatives synthesized have
excellent photophysical properties and the molecular designs can largely contribute to various

optoelectronic applications.



Mo(Nao

AMIMIE  MoCWIZI® OMIMBHO8 @RS IMAdXMAIES 188  eLEIIMNW 1@
(1B20ElT® ] &M 180)™M UM SO GRS (e PRINIW §alCWINEBBUD
&I06Mo  NEOUMEMo  MIMaldfo @RMBaO1HOM). AN@MIHEIM AIgeEW o
(120l T® ] &Iem 1M  AlEe MoCWIZID ®MI@BHBo  ELEINIMOW 1@
(d20BlaT@ ] @Iemlonamle)  .en@IM)@IEMo  EUEIAUMAM @ @@ WD
GRSO0) (A HO 100,13 Dl (al®dW0El-Td ]  eneld®mI@ evi o) mmden.
OO  alBlaO@1HOIMD  O@IOBEIOSWo  BR(HPENQIGHBIESWo YD) |AOW
@aldH@a|D@®o  MAMIWORo  GROUBAIEM. GRWIMIG  QIGIIMN®S G
(1200 Blatm]  B&2emlen)MMo  (aldd0  Blal®IWI® @OQo  AUIM@)AIW
QUM OEOGIOS  BJaldBlalN®o  MVAMIOYo oaQlo i@  memaileal
NEAUHEMOD MO0 B30 MYIWIM  CAGIRIWIAM.  EUEINIMAW @@ @AM
Hoemso @@y DCOMBH-(n IO &M  MIBIAUAMBE  (n1BI00El T
SN ENM UM OYEOD  ©eMBIES loWSs)ENM@ M Mlocuw]  wleemmeao
Wwleemm 021QREMIIW Al@lNMIESNMMIMW ~RISEEBRE 0 DEMIS (aflg)ens.
002/00l3 (IHI0ElTOIQE8 AUNOEOUW  ©aldala N 2IQ MMM @M@
aQISM®)OSW)0 UEIAIMOE eR8s OM@I(OSHGOS (BB Mo
MacWI2l0ad®] lojeusHeMo 0.21QRM AflEBAIW l0Mo BRI,
eniles 12203 186, (NEOUAHEMo O OB~ 1M AW
OBIAMEOMIOSIajo 0D 2J0nls (nIdIWElTolaygs m®emdieequ@aenimmilad,
M@EMIOINO GO0 1GWI0AM af)mlou@yes oOleUQINR B80S
@QoldelalN®o  MoGEHMOARAIW]  cIMOASIBlEONM. €09 NEAAUEMo
Mol (& IY@  af)SBHM-60  WRIBHWD, aIDWD o[ M-GO W (@NdHHMD
Ml @l oo cletm  @@mMI@D  caISM®o  eUIAUMNW le8a
OM(OHG0S (BN HOEMOD M OO®Yo @RS 1m0dM O 103 GBR(NENHND-
OMWHRIMAW  af)A 10D,  HECOMRE-(n IO HOMAIOAI® )@ lHD  af)ar)

(1@ 1eOMeeBe8  am@y1eneeIM (A1), DD AlOMEBBWES  aRO6A



(dddwdl T lages G I@  ClODI®  ©@O@D  2LIMEEBEOS Al
ammlanendm eflal @emieem@emidmilad  ewaleGloR®:aes @IF -
@alMlel  a0dE3la0 1M 1ee@  MIBdAUNYo  aloMAileW®AIEN |.a YO I®OIW]
Mo ]e) MEMIOOIROOOM O IEAUGINRBWDES B ldba] GaNIEIINIM o6 @
(N)6MEBBE ) SSLI6N. &s00m, e  omO®d dldaleled  alloflw
63a16QIENAIH GSIM 16 B lEHNHUMBWDHE) QAUMECMI 1@ VoBIOUM  ©.21YIM

HY s8I0,



Table of Contents

List of abbreviations
Preface

Chapter 1: Introduction

1.1 Abstract

1.2 Aggregation Induced Emission (AIE) or Aggregation Induced Enhanced
Emission (AIEE) In Molecular Systems

1.2.1 Aggregation-Induced Emission in Cyanostilbene
/Cyanostyrene-Based Systems

1.3 Stimuli-Responsive Emission in Organic Chromophores

1.3.1 Stimuli responsive emission in some relevant class of compounds

1.3.2 Cyanostilbene/Cyanostyrene-Based Stimuli-Responsive Systems.

1.4. Design Strategies of AIEE Systems and Understand the Structural

Origin of Photoluminescence Behaviour

1.5 References

Chapter 2: Materials And Methods

2.1 Synthesis and Characterization

2.1.1 Crystallization Techniques

2.1.2 X-Ray Diffraction Analysis

2.1.2.1 Powder X-Ray Diffraction Analysis

2.1.2.2 Single Crystal X-Ray Diffraction Studies

2.1.2. 2.1 Data Collection for Structure Analysis

2.1.3 Photoluminescence Spectroscopy

2.2 References

ii

11

16

18

23

27

29

39

40

40

41

41

42

42

43

45



Chapter 3: Dicyanodistyrylbenzene Based Positional Isomers: A Comparative Study of AIEE

And Stimuli Responsive Multicolour Fluorescence Switching 46
3.1 Abstract 47
3.2 Introduction 48
3.3 Scope of Present Investigation 49
3.4 Experimental Section 51
3.4.1 Synthesis of Compounds CSO, CSM, And CSP 52
3.4.1.1 General Method for The Synthesis of Octyloxy Substituted Benzaldehydes 52
3.4.1.2 Synthesis of Dicyanodistyrylbenzenes CSO, CSM and CSP 54
3.5 Results and Discussion 62
3.6 Conclusion 85
3.6 References 86

Chapter 4: Aggregation Induced Photophysical Behaviour of o-Alkyloxy Substituted

Dicyanodistyrylbenzene Derivatives 88
4.1 Abstract 89
4.2 Introduction 91"
4.3 Scope of Present Investigation 91
4.4 Experimental Section 93
4.4.1 Synthesis and Characterization 93
4.4.1.1 General Method for the Synthesis 94
4.4.1.1.1 Synthesis of o- Alkyloxy Substituted hydroxy Benzaldehydes 94
4.4.1.1.2 Synthesis of 0-Alkylated Dicyanodistyrylbenzenes 96
4.5 Results and Discussion 110
4.5.1 Solution State Photophysical Properties 110
4.5.2 Solid state Photophysical Properties 118

4.5.3 Sigle Crystal X-ray Diffraction Studies and Structure-Property Correlation 123



4.6 Conclusion

4.7 References

127

128

Chapter S: Multistimuli Responsive Emissions in Cholesterol Appended Cyanostyryl Thiophene

Positional Isomers with Liquid Crystalline Properties
5.1 Abstract

5.2 Introduction

5.3 Scope of The Present Investigation

5.4 Experimental Section

130

131

132

132

132

5.4.1. Synthesis of 22,3,4,7.8,9,10,11,12,13,14,15,16,17-tetradecahydro10,13-dimethyl-17-(6-

methylheptan-2-yl)-1Hcyclopenta[a]phenanthren-3-yl 4-(cyanomethyl)phenylcarbamate, 1

5.4.2 General Method for The Synthesis of The Compounds CS-1and CS-2
5. 5 Results and Discussion

5.5.1 Solution and Solid State Photophysical Characterization

5.5.2. Aggregation Induced Emission in CS-1 And CS-2

5.5.3. Stimuli-Responsive Emission in CS-1 And CS-2

5.5.4 Comparison of Photophysical Properties of Different  Phases Of CS-1 And CS-2
5.5.5. Analysis of Powder and Single Crystal X-Ray Diffraction Data
5.5.6. Liquid Crystalline Properties

5.6. Conclusions

5.7 References

General Conclusion

Recommendation

References

List of Publications

Appendix

Table showing torsions found molecules CSO, CSM, and CSP

Copyright and permissions

133

134

143

143

147

150

152

154

159

164

166

168

172

174

175



List of Abbreviations

NMR Nuclear Magnetic Resonance
XRD X-ray diffraction
TCSPC Time-Correlated Single Photon

Counting System

DMF Dimethylformamide

DCM Dichloromethane

HRMS High-Resolution Mass Spectroscopy
DSC Differential Scanning Calorimetry

THF Tetrahydrofuran

PXRD Powder X-ray Diffraction

AlE Aggregation Induced Emission

AIEE Aggregation Induced Enhanced Emission
uv Ultraviolet

2-MeTHF 2-Methyl Tetrahydrofuran

CT Charge Transfer

CCDC Cambridge Crystallographic Data Centre
POM Polarized Optical Microscope

LC Liquid Crystal

TPE Tetraphenylethene



Preface

The thesis pertains to the synthesis, photophysical studies and structure
property correlations of some assemblies of cyano styrene derivatives. The
molecules based on m-conjugated systems are well known for their
optoelectronic properties and various other material applications. The major
class of molecules so far explored includes the oligomers and polymers of
phenylenevinylenes, phenyleneethynylenes, phenylenes and derivatives of
other polyaromatic hydrocarbons. Although there are several derivatives of
7- conjugated molecules with strong solution state emission were reported, the
molecules showing strong solid state emission were limited due to aggregation
caused quenching. The aggregation induced quenching limits their application
that calls for strong solidstate emission. The major reason behind the
aggregation induced quenching is the planar structure of the molecules, where
the planar shaped molecules generally show a tendency to aggregate as stacks
with n-1 interactions resulting in luminescence quenching. So, the planar
conjugated molecules, especially those systems with disc like structures are
not good candidates to explore the solid state emission. The major strategies
to obtain unquenched emission in the solid state include the introduction of
twist in m-backbone or functionalization with non-conjugated bulky groups.
The first molecule which is not emissive in the dilute solution and highly
emissive in the solid phase was reported by Tang and co-workers. Following
the strong solid state emission in 1-methyl-1,2,3.4,5-pentaphenylsilole several
silole derivatives with strong solid state emission were synthesized by the
same group and found the unquenched solid state emission is originating from
a phenomenon called aggregation induced emission as result of restricted

intramolecular motion. Following this observation various research groups



were synthesized various twisted molecules based on different chromophores

like cyanostyrenes, phenylenevinylenes, pyrene etc.

Among various m-conjugated solid state emitters, cyanostyryl derivatives
received paramount interest attributed to the aggregation induced emission
and multistimuli responsive behaviour. Several researchers explored the
emission characteristics of these classes of molecules carrying different
functional groups under the influence of various stimuli. Although there are
several reports on solid state emission properties of cyanostyrene based
molecules, there are limited investigations that relate the structural origin of
solid state emission and its modulation. Therefore, a detailed investigation
involving synthesis, property studies and structure property correlation

supported by detailed structural data is relevant.

The general introduction to solid-state emissive m-conjugated materials and
their design strategies is the content of Chapter 1. The first part of the
introduction gives a brief overview of the relevant investigations in the field

of aggregation induced emission in various classes of m-conjugated molecules.

Chapter 2 Discusses the instrumental details and experimental methods

adopted for various spectroscopic and diffraction studies.

Chapter 3 Explains the synthesis, photophysical properties and structure
property correlation of alkyloxy substituted dicyanodistyrylbenzene based
positional isomers. The synthesis of three octyloxy substituted positional
isomers of dicyanodistyryl benzene derivatives namely CSO, CSM and CSP
was carried out to explore the role of positional isomerism and stimuli
responsive emission of the molecules in the solid state. All three isomers are
very less emissive in the solution phase and showed aggregation induced

enhanced emission in the solid state. Among the three isomers the ortho



isomer CSO showed stimuli responsive blue shifted emission in the solid state.
The switching of emission from greenish yellow to cyan while grinding is
attributed to the change in aggregate structure from J-aggregate to X-aggregate
indicated by the single crystal and powder X-ray diffraction studies and
analysis of also literature data. The meta isomer, CSM, also demonstrated an
aggregation induced emission in the solid state, however, this molecule was
insensitive to any kind of stimuli owing to the various intermolecular
interactions present in the crystalline state. The para isomer, CSP also showed
aggregation induced enhanced emission in the solid state and the system is
responsive to multiple stimuli such as mechanical stress, heat and solvent
vapours. The molecule showed tricolour emission in the solid state which is
rare among m-conjugated molecules. The origin of stimuli responsive emission
in CSP was studied using analysis of spectroscopic and single crystal and
powder X-ray diffraction data. The observed tricolour emission in CSP is
attributed to the formation of different crystalline phases under the influence

of various stimuli.

Chapter 4 discusses the ultralong lifetime in low temperatures (77K) and the
enhanced emission efficiency of ortho alkyloxy  substituted
dicyanodistyrylbenzene derivatives. The synthesis and detailed structural
characterisation of  five  different alkyl chain  variants of
dicyanodistyrylbenzenes were carried out to explore the luminescence
properties in the solid state. Among various positional isomers of cyanostyryl
systems the para-alkyloxy derivatives of dicyanodistyrylbenzenes with linear
structure, received greater attention due to their AIE properties and switchable
emission. The linear structure of the para isomer gives rise to sliding
movement on applied stress and thereby switchable emission. It can be
envisaged that the molecule with ortho substitution having a nonlinear

structure may limit the sliding motion, thereby resulting in the twisting of nt-

iv



back bone with rigid molecular packing. The twisted molecular systems are
found to show higher emission efficiency. Here all five alkyloxy derivatives
from ethyl to decyl showed enhanced quantum yield. All the compounds
showed very faint fluorescence emission in the corresponding 2-methyl-THF
at room temperature a redshifted spectrum was obtained at 77 K attributed to
the restricted intramolecular rotation. The spectra recorded at 77 K with a
delay of 0.5 ms showed a redshifted emission with an ultralong lifetime
indicating phosphorescence in the molecules. The good-quality single crystals
of all compounds were obtained from various solvents and a detailed structure-
property correlation study was carried out. The study showed that, apart from

twist in the m-back bone, the parameters such as 7 -7 overlap, interplanar

distance etc play crucial role in determining the higher quantum yield of the

dicyanodistyrylbenzene derivatives.

The content of the Chapter S is AIEE, stimuli responsive emission and liquid
crystalline behaviour of two cholesterol appended heterocyclic cyanostyrene
derivatives, where the hetrocyclic group constitute the thiophene units with
connectivity at 2- (CS-1) and 3- (CS-2) respectively. Both newly synthesized
compounds showed aggregation induced emission which is proved by the
intensity enhancement on increasing the water fraction in dilute THF solutions
of the compounds. Among the molecules explored, CS-2 showed
thermochromism and mechanochromism with a methanol vapour induced
phase reversal while the molecule CS-1, showed thermochromic emission
switching. The DSC thermogram of both CS-1 and CS-2 indicated the
formation of chiral nematic (N*) phase confirmed by the polarized optical
microscopy studies. Both the compounds on cooling resulted in a glassy chiral
nematic phase, while the compound CS-1 showed slow transformation to a

crystal phase on standing at room temperature.



The thesis concludes with a summary of the findings of the investigations
discussed in the various chapters. The compounds and molecular designs
discussed in this thesis leave ample scope for future exploration of various

optical properties and device applications.
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$SEVWUDFW

$JJUHIDWLRQ LQGXFHG HPLVVLYH $,( PDWHULDOV D
FRPSRXQGV EHFDXVH RI WKHLU YDULRXV VROLG VWDW
7KHVH PDWHULDOV DUH QRQ HPLVVLYH RU ZHDNO\ HPL
HPLVVLYH RQ DJJUHJDWLRQ 7KH PDLQ UHDVRQ IRU W
VROLG VWDWH RI WKHVH PDWHULDOV LV WKH UHJXC(
LOWHUDFWLRQV WR DYRLG HPLVVLRQ TXHQFKLQJ LQ W
LQWHUHVW EHKLQG WKH $,( VIVWHPVY OLHV LQ WKH IDF
NQRZQ IRU WKHLU VWLPXOL UHVSRQVLYH HPLVVLRQ V:
DV KHDW PHFKDQLFDO VWUHVV VROYHQW YDSRXUV
responsive behaviour of m conjugated systems can be utilised in various

GHYLFHV VXFK DV VZLWFKHV VHQVRUV GDWD VWRUL
HPLVVLRQ VZLWFKLQJ LQ WKHVH W\SHV RI PDWHULDOV
ZHDN LQWHUDFWLRQV DQG SDFNLQJ LQ WKH VROLG VW
WKH SDFNLQJ PRGH SOD\ D GHFLVLYH UROH LQ PDNLQJ
HPLVVLYH PDWHULDOV 7KHUHIRUH WKH VXLWDEOH
OXPLQRJHQV FDQ UHVXOW LQ VWLPXOL UHVSRQVLYH
HPLVVLRQ WXQLQJ 7KLV FKDSWHU JLYHV D EULHI RYH
UHVSRQVLYH PDWHULDOV ZLWK VSHFLDO LPSRUWDQFHE
DVSHFWYV



$JJUHIJDWLRQ ,QGXFHG (PLVVLRAQ
Aggregation Induced Enhanced Emission (AIEE) in n
&EROQMXIJDWHG OROHFXOHYV

OROHFXODU V\VWHPV WKDW DUH OXPLQHVFHQW LQ WKF
PDWHULDO VFLHQFH DQG WHFKQRORJ\ VLQFH WKH\ D
RSWRHOHFWURQLF GHYLFHMKH HQVWRUDNOVZDLWFKIHV RHE
OLIJKWLQJ WHFKQRORJ\ ZHUH PDLQO\ EDVHG RQ VROL!
RULJLQ DQG LQ UHFHQW GD\V WKHUH DUH VHYHUDO \
PDWHULDOV ZHUKHYR®WHKHEVW LQ RUIJDQLF PDWHULDO
YDULRXVY RSWRHOHFWURQLF DSSOLFDWLRQV SHUWDLQ
SURFHVVDELOLW\ DORQJ ZLWK KLJK UHSURGXFLELOL"'
$OWKRXIJK WKHUH DUH VHYHUDO UHSRUWYV RQ RUJDQLF
SURSHUWLHYV LQ GLOXWH VROXWLRQV WKH UHSRUW)\
OXPLQHVFHQW PDWHULDO DUH OLPLWHG GXH WR WKH
VROLG VWMDWHKH RUJDQLF OXPLQHVFHQW PDWHULDOV

WKH OXPLQHVFHQW EHKDYLRXU LQ WKH GLOXWH VRO.
GLVWLQFW +LJKO\ SODQDU VWUXFWXUHYV H[KLELWHG °
GXH WR H[WHQVLYH FRQMXJDWLRQ KRZHYHU WKHVFE
OXPLQHVFHQW LQ WKH VROLG VWDWH 6HYHUDO UHVH
GHVLJQ RI VROLG VWDWH HPLWWHUVY EDVHG RQ RUJD
XQTXHQFKHG OXPLQHVFHQFH $OWKRXJK D VWUDWHJ\

bulky groups on conjugated 1 VA\VWHPV ZDV H[SORUHG DV D WRRO
PROHFXODU SDFNLQJ LQGXFHG TXHQFKLQJ WKHVH HIII
PDLQ FDXVH RI DJJUHIJDWLRQ FDXVHG TXHQFKLQJ LQ F
WKH SODQDU VWUXFWXUH RplavaktHVOWW HQ R SIKRF BIHWL ¥ KIH L
to closely packed tmt VWDFNHG DVVHPEOLHVY UHVXOWLQJ LC
TXHQFKLQ@BKH KLJKO\ HPLVVLYH SODQDU PROHFXOHV O



with large 1 VI\VWHP DVVHPEOH LQ D GLVF OLNH DUUDQJHP
ZKLFK UHVXOWY LQ WKH IRUPDWLRQGRIFHHL\PHH®V DQC
TXDQWXP HItRUHQIF® WKHVH PROHFXODU V\VWHPV WK
LQ FRQFHQWUDWLRQ OHDGYV WR VLPXOWDQHRXV HPLWV
WKDW WKH LQFUHDVHYV LQ FRQFHQWUDWLRQ UHVXOW L
OXPLQRSKRUH LQ WKH VROXWLRQ 7KH DJJUHJDWHYV IR
WKH OXPLQRSKRUH UHVXOW LQ OXPLQHVFHQFH TXHQ
FDXVHG TXHQFKLQJ $&4 ZKHUH WKLV SKHQRPHQRQ L
PDNLQJ RtatdMirnihés€snt materials outof 1t FRQMXJIJDWHG PROHFXOHYV
2QH RI WKH $&4 V\VWHPV ZLWK D SHU\OHQH FRUH LV
REYLRXV IURP WKH ILJXUH DQ LQFUHDVHG ZDWHU
TXHQFKLQJ GXH WR WKH IRUPDWLRQ RI DJJUHJDWHYV L
7KXV WR PDNH VROLG VWDWH HPLVVLYH V\VWHPV W]
FRQVWUXFWLYHO\ E\ VWDELOL]JLQJ WKH H[FLWHG VWDW
WR GHVLJQ DQG VIQWKHVL]H KLJKO\ HPLVVLYH PROHEFX
$V DOUHDG\ GLVFXVVHG QRQ SODQDU DUFKLWHFWXU'
HPLVVLRQ LQ VROLG VWDWH E\ UHGXFLQUKWKH TXHQFK
Q Rp@nar structures reduce the cofacial & © stacking interaction in the solid
VWDWH WKHUHE\ UHGXFLQJ WKH HPLVVLRQ TXHQFKLQ.
IRUPDWLRQ RI QRQSODQDU RU WZLVWHG V\VWHPV L
GHYHORSPHQW RI VROLG VWDWH OXPLQHVFHQW PDWHL
LQ GHVLIQLQJ WZLVWHG PROHFXODU V\VWHPV ZLWK VW
PDLQWHQDQFH RI FRQMXJDWLRQ GHVSLWH WKH WZLV
VHYHUDO UHVHDUFKHUV VXFFHHGHG LQ VIQWKHVLVLQJ
solid states by incorporating twists inther V\VWH P
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JLIXUH D )OXRUHVFHQFH LPDJHV LOOXVWUDWLQJ D
TXHQFKLQJ $&4 HIIHFW 1 1 GLF\FORKHI[\O GL
SHU\OHQHWHWUDFDUER[\OLF GLLPLGH ''3' E 'LVN V
QRQ IOXRUHVFHQW D 3tdodg-hIDstAbkng iffdrhEtibrii/tht R |
DJJUHJDWHG VWDWH 5HSURGXFHG ZLWK SHUPLVVLRQ
56 &

W LV TXLWH LQWHUHVWL QX MK G)ROWP MOK-DVE HQRAH
PDWHULDOV LV SRVVLEOH IURP PROHEXODU V\VWHPV .
WKH VROXWLRQ SKDVH 7KLV SKHQRPHQRQ LV D PLOH
RUJDQLF RSWRHOHFWURQLF PDWHULDOV NQRZQ DV I
$,( ,Q $,( VIVWHPV DJJUHJDWLRQ ZRUNV FRQVWUXF
OXPLQHVFHQFH HIILFLHQF\ )LJXUH 7KHUH DUH VH®
VIVWHPV ZLWK $,( VKRZLQJ KLJKHU OXPLQHVFHQFH HI
QRQ HPLVVLYH VROXWLRQ SKDVHV 7DQJ DQG FR ZRUI
$,( HPLVVLRQ LQ VLOIROPHMHUDYDWLYHSHQWDSKHQ\OV|
ZLWK KL juka®@dnFRYWHP WKLY UHSRUW WKH PROHFXOH V
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J)LIXUH $Q LOOXVWUDWLRQ VKRZLQJ WKH QRQ SODQDU
+H[DSKHQ\O VLOROH DQG LWV $,( EHKDYLRXU LQ DQ DJ
ZLWK SHUPLVVLRQ IURP UHIHUHQFH &RS\ULJKW 568&

GLPLQLVKHG HPLVVLRQ RQ 7/& ZLWK D ZHW VSRW D
ZLWK DQ HPLVVLRQ HQKDQFHPHQW 7KH VWXG\ DOV
HPLVVLRQ HQKDQFHPHQW LQ ODUJH DJJUHJDWHYV
PLIWXUH JROORZLQJ WKLV VWXG\ VHYHUDO VI
VIQWKHVL]I]HG DQG H[SORUHG IRU DJJUHIJDWLRQ LQ
7TKH VWXGLHV E\ 7DQJ DQG FR ZRUNHUV SURSRYVH(
DJJUHIJDWLRQ LQGXFHG HPLVVLRQ REVHUYHG LQ W
IURP WKH UHVWULFWHG LQWUDPROHFXODU URWDYV
$FFRUGLQJ WR WKH 5,5 K\SRWKHVLY PRVW RI WKH F
LOWUDPROHFXODU URWDWLRQV LQ WKH VROXWLRC



PROHFXODU URWDWLRQV FRQVXPHV WKH H[FLWHG

UHVXOWLQJ LQ WKH GHFD\ RI WKH PROHFXOHV IUR
QRQ UDGLDWLYH GHFD\ SURFHVVHV &RQYHUVHO\

LQWHUDFWLRQV LQ WKH VROLG VWDWH OHDG WR W
URWDWLRQ WR D ODUJH H[WHQW ZKLFK EORFNV WK
DQG JLYHV ULVH WR VROLG VWDWH HPLVVLRQ HQ
DJJUHJDWH IRUPDWLRQ EORFNV WKH LQWUDPROHI
DJJUHJDWLRQ LQGXFHG HQKDQFHG HPLVVLRQ $,((
OXPLQRSKRUHV +HQFH ERWK UHVWULFWHG LQWUTL
UHVWULFWHG LQWUDPROHFXODU YLEUDWLRQ 5,9

inthexr FRQMXJDWHG PROHFX®BUVNZRVSIREQRAMQD 5,5
DQG 5,9 DUH FROOHFWLYHO\ WHUPHG UHVWULFWHC
DQG DVVLJQHG DV WKH PHFKDQLVP RI DJJUHJDWLR
WKH 5,0 SURFHVV LV IRXQG WR EH WKH PDMRU FD X
HPLVVLRQ WKH ULJLGLW\ RI WKH DJJUHJDWHG VW
LPSRUWDQW UROH LQ WRHKHYKHIRJHRFWKY PROHFX
VIVWHPV VKRZLQJ WZLVWHG VWUXFWXUHV DQG WK
DJJUHJDWHY DUH TXLWH LPSRUWDQW LQ PDNLQJ

OXPLQHVFHQW PDWHULDOV 7KH SKRWROXPLQHVFF
LQ WKH VROLG VWDWH LV DOVR KLJKO\ GHSHQGHOQ\
IRUPHG $FFRUGLQJ WR .DVWKRHDOBLFRLRRUSHRSHUYV
Rl WKH PROHFXOHV DUH GHSHQGHQW RQ WKH FRXS
GLSROHV LQ DJJUHJDWHG VWDWH 7KH SDUDOOH
GLSROHV UHVXOWV LQ WKH IRUPDWLRQ RI + DJJI
IRUPDWLRQ QRUPDOO\ UHVXOWYV LQ EOXH VKLIWHOC
TXDQWXP \LHOG $ VOLSSHG VWDFN DUUDQJHPHQ!
GLSROHV LQ WKH DJJUHJDWH UHVXOWYV LQ WKH IRL
WXUQ UHVXOWY LQ UHG VKLIWHG SKRWROXPLQHVF



\LHOG $ FURVV VWDFNLQJ RI GLSROH UHVXOWYV |
DJJUHIJDWH ZLWK VWURQJ IOXRUHVFHQFH FKDUDFYV
W\SH RI WKH DJJUHJDWH IRUPHG GHFLGH WKH
SKRWROXPLQHVFHQW PDWHULDOYV

$JJUHJDWLRQ LQGXFHG HPLVVLRQ LV WKH EDV
YDULRXV VROLG VWDWH SKRWRSK\VLFDO SURSHU
SKRVSKRUBYFH®RIKHUHIDWLRQ LQGXFHG GHOD\HG |
$,") FU\WWWDOOL]DWLRQ RQG X FIOX VMRMHUAM DRV R Q
WULJIJHUHG&RAPLWHRKDQROXPDOQHVFHOFAD DUO\
SRODUL]JHG OX®IQHWRHQFH JXUH 7KH QDWXU
DJJUHJDWHY IRUPHG GHWHUPLQHV WKH W\SH RI OX
LQ VROLG VWDWH OXPLQRJHQV IRU H[DPSOH D U
SUHIHUUHG LQ WKH FDVH RI DQ 573 PDWHULDO FR
DJJUHJDWH LV IDYRXUDEOH LQ WKH FDVH RI VWLP X

N

g

Oal
<

AIDF

AN

[/

JLIXUHO9DULRXVY RSWLFDO SURSHUWLHY HYROYHG E
OXPLQRSKRUHV




JROORZLQJ WKH VWXGLHV RQ VLOROH GHULYDWLY
PDQ\ UHVHDUFK JURXSV VIQWKHVL]HG GLIIHUHQW PRO
LQ WKH DJJUHJBWdthic FRIOMXIDWHG PROHFXOHV ZHUH H
VWXGLHG IRU DJJUHIJDWLRQ LQGXFHG HPLVVLRQ 'HUL
SKHQ\OHQHHWK\Q\OHQH SKHQ\OHQHYLQ\OHQH F\DQR)
some examples of 1 FRQMXJDWHG PROHFXOHV WKDW DUH H
EHKDYLRXKH WHWUDSKHQ\OHWKHQH 73( GHULYDWLYF
EHVW H[DPSOHV RI DQ DJJUHJDWLRQ LQGXFHG HPLVVI
SKDVH WKH LQWUDPROHEXODU URWDWLRQ RI SKHQ\O |
GHFD\ SDWKZD\V DQG KHQFH 7HML WHMMU THKWQFERLRY W
URWDWLRQ RI WKH DU\O URWRUV LV UHVSRQVLEOH IRU
RI WKHVH PROHFEXOHV 7DQJ DQG FR ZRUNHUV V\QWKH
VKRZLQJ EOXLVK JUHHQ IOXRUHVFHQFH ZKKAVK D YHU\
HPLVVLRQ EHKDYLRXU RI WKHVH 73( GHULYDWLYHV FD
VWURQJ HOHFWURQ ZLWKGUDZLQJ JURXSV OLNH &1 E\ L
RI WKH 73( GHULYDWLYH )RU WKHVH F\DQR VXEVWLW.
LQGXFHG HPLVVLRQ HQKDQFHPHQWQIDWRREWWURIHG $ L
XUHLGRS\ULPLGLQRQH IXQFWLRQDOL]JHG 73( GHPRQV
GHSHQGHQW $,( EHKDYLRXU ZKHUH WKH FU\WWDOOLQH
HPLVVLRQ FRPSDUHG WR WHKH IDWQ 6 PFRRUBR B X W LBK DWISR U
WKH VIQWKHVLV RI D 73( GHULYDWLYH LQ ZKLFK WHW
FRQQHFWHG ZLWK FDUED]JROH RU VSLURS\UDQ PRLH)\
GHPRQVWUDWHG DJJUHJDWLRQ LQGXFRMEKHHPLVVLRC
WHWUDSKHQ\OHWKHQH GHULYDWLYH VKRZLQJ $,(( SUJ
\LHOG RI ZDV VIQWKHVL]HG E\ &DR+DQIKORR ZRUNH L



AIE |
s PFr=977%, o

Light-harvesting
Per=77.5%
antenna effect: 14.3

JLIXUH $JJUHIJDWLRQ LQGXFHG HPLVVLRQ LQ 73( GHUL
ZLWK SHUPLVVLRQ IURP UHIHUHQEFH &RS\ULJKW
6RFLHW\

HPLVVLYH S\UHQH EDVHG V\VWHPV ZHUH DOVR V\QWK
JURXSV $ VWXG\ E\ OLVUD DQG FR ZRUNHUV GHPRQVW!
ZLWK IOXRUHVFHQW HPLVVLRQ HQKDQFHPHQW RQ FK
3KHQ\OHQHYLQ\OHQHV ZHUH DOVR HQOLVWHG DV D EH
PROHFXODU V\VWHPV ZLWK $,(( EHKDYLRXU 3KHQ\OH
VIVWHP KDYLQJ KLJKO\ HPLVVLYH DJJUHJDWHG SKDVH
DQG FR ZRYSIHWW IURP WKH DERYH PHQWLRQHG FRPSR.
T FRQMXJDWHG V\WVWHPV ZHUH DOVR H[SORUHG IRU WK
YDULRXV $,(( VIVWHPV H[SORUHG F\DQRVWLOEHQH Gl
DWWHQWLRQ GXH WR WKH HDVLQHVV RI VWUXFWXUH P
DGGLWLRQ WKH F\DQRVWLOEHQH V\VWHPV DUH UHOHY



J)LIXUH ,PDJH RI D VWURQJO\ IOXRUHVFHQW S\UHQH VFIL
SHUPLVVLRQ IURP UHIHUHQFH &RS\ULJKW $PHULI

LQFRUSRUDWLRQ RI WKH YDULRXV VXEVWLWXHQWYV
F\DQRVWLOEHQH E\ XVLQJ VLPSOH VIQWKHWLF SURFHG

$JIJUHIJDWLRQ LQGXFHG HPLVVLRQ LQ F
F\DQRVW\UHQH EDVHG V\VWHPV

6WLOEHQHY DUH WKH FODVV RI PROHFXOHV ZLWK WKH
DQG SKRWRSK\WLFDO SURSHUWLHV VXFIKVDWUD@RUHVF I
LVRPHUL]DWLRQ LQWHUPROHFXODU UBIWEWERQWY OLNH
KDV EHHQ H[SORUHG IRU PDQ\ \HDUV DV D PRGHO FRP
SURSHUWMWOHW VWLOEHQH LV D PROHFXOH KDYLQJ ORZH



DOVR vSDQV D VKRUWHU VSHFWUDO UDQJH WR LPSUR
WKH PROHFXOH YDULRXV VWUXFWXUDOKHRGLILFDW]
LOQYHVWLIJDWLRQV IRU REWDLQLQJ SURPLVLQJ OXPLQ
HPLVVLRQ WXQLQJ OHG WR WKH GHYHORSPHQW RI VH'
GHULYDWLYHYVY 7KH F\DQRVWLOEHQHY DUH RQH RI WKF
RI WKH VWLOEHQHY HYHU PDGH LQ WKH OLWHUDWXUF
FRQMXJDWHG VWLOEHQH VNHOHWRQ LQ ZKLFK WKH &1
WK SRVLWLRQ RI WKH DURPDWLF ULQJ LV NQRZQ DV W

7KH SUHVHQFH RI WKH &1 JURXS LQ WKH VWUXFW
UDQJH FRQVLGHUDEO\ PDNLQJ WKH 7HKHL WXLR@ L R IWKH
OXPLQHVFHQFH LQ F\DQRVWLOEHQH UHTXLUHV SURS
OXPLQRSKRUH ZKLOH WKH ODFN RI VXLWDEOH VXEVW
OLPLWYV WKH QHHGIXO VWUXFWXUDO PRGLILFDWLRQ RI

I~

R4

m-conjugated skeleton

— \
R, R4, R,: Substituents
(alkyl, aryl, donor, acceptor ...) NC 3 R
JLIXUH&KHPLFDO VWUXFWXUHV RI VWLOEHQH F\

F\DQRVWLOEHQH 7KH DUURZV UHSUHVHQW WKH LQW
DURPDWLF JURXS 5HSURGXFHG ZLWK SHUPLVVLRQ IUF
56 &



F\DQRVWLIRBW®HU UHVHDUFK RQ VXLWDEOH PRGLILFD
UHV XOW&Glopm@ntWiKitHF\DQRVWLOEHQH LQ ZKLFK WKH &1
attached to the « SRVLWLRQ RI WKH HWK\OHQLF ERQG ZKHUH
VFRSH IRU WKH HDV\ IXQFWLRQDOL]DWLRQ WR EULC
EHKDYLRXU LQ WKHKWROXB WMWIOLWMHUDFWLRQ EHWZHH
DQG WKH SKH@\O QRWVYWUAEHQH PDNHV WKH PROHFXOH
twist in the molecular structure reduces the © « stacking which in turn results
LQ GHFUHDVHG HPLVVLRQ TXHQFKLQJ ,Q 3DUN DQG
AIE active « F\DQRVWLOEHQH GHULYDWRY¥YHELVF\DQR WUL
WULIOXRURPHWK\O ELSKHQ\O HWK\OHQH &1 7)0%( Z
VKRZHG D KLJK JHODWLRQ HIILFLHQF\ ZLWK HPLVVLRQ
7KH OXPLQHVFHQFH LQWHQVLW\ RI WKH FRPSRXQG VKR
E\ JHODWLRQ LQ FRPSDULVRQ WR D GLOXWH VROXWLRC(
EHKLQG WKLV SKHQRPHQRQ LV WKH SUHVHQFH RI EX
HQKDQFHV WKH IRUPDWLRQ RI D - W\SH DJJUHJDWH Z}I
H[FLSOH[ IRUPDWLRQ DQG DOVR UHVXOWY LQ WKH IRU
7KH $,( $,(( HIITHFW LQ WKH F\DQRVWLOEHQH EDVHG V\
UHFRUGLQJ HPLVVLRQ VSHFWUD LQ VROXWLRQV FRQW
VROYHQWYV ,I| WKH PROHFXOH VKRZV DJJUHJDWLRQ LQC
LQFUHDVH LQ WKH HPLVVLRQ LQWHQVLW\ LQ VROXWLR
Rl SRRU VROYHQWYVY +HUH LQ WKLV H[SULPHQW DV \
LQFUHDVHYVY PROHFXOHV WHQG WR DJJUHJDWH ZLWK L
PRVW RI WKH FDVHV WKHUH ZLOO EH D UHGVKLIW LQ
DJJUHJDWH VL]IH ZKHUH WKLV REVHUYDWLRQ LV DOVR
DJJUHIJDWLRQ LQGXFHG HPLVVLRQ

2QH RI WKH UHFHQW UHSRUWY RQ 9 VKDSHG F\DQR’
ZLWK D WHUWLDU\ EXW\O JURXS LQ LWV VWUXFWXUH V
JHRPHWU\ DQG FRQIRUPDW IZK® BQVWEHHES (F RHQIRERW D W L



RI WKH PROHFXOH KHOSV LQ VHOI DVVHPEOLQJ E\
LQWHUPROHFXODU LQWHUDFWLRQV 7KH PROHFXOH Z|
VROXWLRQ ZKLOH LW VKRZHG JHOOLQJ RQ VWDQGLQJ Z
E\ .DQYDK DQG FRZRUNHUV RQ F\DQRVWLOEHQH GHUL)
DQLOLQH GLSKHQ\ODQLOLQH DQG FDUED]ROH GHPRQV
HPLVVLRQ HQKDQFHPHQW E\ DGGLQJ GLIIHUHQW IUDF
VROXWLRQV RI WKH PRIKHFRREMAXDBLRKRLGK LV OHVV I
LQ GLOXWH VROXWLRQV VKRZHG HPLVVLRQ HQKDQFF
IUDFWLRQ LQ WKH VROXWLRQ DV D UHVXOW RI WKH D
VROYHQW OLNH ZDWHU $ON\O FKDLQ VXEVWLWXWHG
DOVR VKRZHG DJJUHJDWLRQ LQGXFHG HPLVVLRQ EHKI
VXEVWLWXWHG V\PPHWULF DQG QRQ V\PPHWULF V\VW
GLIIHUHQW UHVHDUEFK JURXSV 3DUN DQG FR ZRUNHUYV
VXEVWLWXWHG GLF\DQRGLVW\U\OEHQ]HQH LQ WZR GLII
PROHFXOHV VKRZHG DJJUHJDWHRBHLWGXFB GJ BIPLVWLR
LQGXFHG HPLVVLRQ LV D FRQVWUXFWLYH PHFKDQLVP W
VWDWH OXPLQHVFHQW PDWHULDOV

7KH OLWHUDWXUH RQ F\DQRVWLOEHQH GHULYD
DJJUHJDWLRQ KDV D SLYRWDO UROH LQ WKHLU SKR\
FRPSUHKHQVLYH DQDO\VLY WKDW SUREHV WKH VWUXFEV
FRQWULEXWH WR WKH VROLG VWDWH OXPLQHVFHQW T»
RI KLJKO\ HIILFLHQW F\DQRVW\UHQH GHULYDWLYHV 7
quantum yield in 1 VI\VWHPY VKRZHG D VKDUS HQKDQFHPHQW
DJJUHJDWH IRUPDWLRQ PDLQO\ IURP WZLVWHG FK
F\DQRVWLOEHQHY ,Q RQH Rl WKHLU VWXGLHV &KHQ
VWDU VKDSHG F\DQRVWLOEHQHYV KDYLQJ YHU\ ORZ TX
SKDVH GXH WR WRUVLRQDOO\ LQGXFHG GHDFWLYDWL
VKRZHG D TXDQWXP \LHOG HQKDQFHPHQW LQ WKH VR



EORFNLQJ RI QRQUDGLDWLYH GHPDWUSRWKIADFWRQVDJ
GHFLGLQJ WKH LQFUHDVHG VROLG VWBHBWWHD OXPLQHVF
VXEVWLWXWHG GLF\DQRGLVW\A\U\OEHQ]JHQH V\VWHPV Z
YDULRXV UHVHDQFWKIHUAOS\NH RI F\DQRVW\U\OEHQ]HQH
VROXWLRQ SKDVH VKRZHG YHU\ ORZ TXDQWXP \LHOG G
GHFD\ SDWKZD\V RSHUDWLQJ LQ WKHK H RBGIMAXIGOHVG L Q
DQEDO\VLV RI GLYHUV UHSRUWY RQ F\DQRVW\UHQH V\
HOHFWURQLF DQG VWHULF IDFWRUV ODUJHO\ FRQWULE
DQG LOQDFWLYDWH WKH SRVVLELOLWLHYV IRU QRQUDGLECLC
F\DQRVWLOEHQHYV ZLWK WZLVWHG FKURPRSKRULF vWwWU
REVHUYHG $,( EHKDYLRXU 7KHUHIRUH WKH GHULYDW
JRRG FDQGLGDWHV IRU PDNLQJ VMV\WVWHPV ZLWK HQKI
TXDQWXP \LHOG LQ VROLG VWDWH

$V DOUHDG\ GLVFXVVHG WKH 5,0 SURFHVV LV
WKH DJJUHJDWLRQ LQBXPHGE WMPLFWLRQ WKH LQWH L
PRWLRQV LQ WZLVWHG DUFKLWHFWXUHV LW LV SR
LQ RUJDQLF OXPLQRJHQV E\ SUHYHQWLQJ WKH QRC
7KHUH DUH SUHYLRXV UHSRUWYV LQ ZKLFK WKH S|
LQFUHDVHG E\ UHVWULFWLQJ PROHFXODU PRWLRQ
XVLQJ YLVFRXV PHGLD RU ORRQWHF X HQ B\ X UHWP H'
SRVVLEOH WR DFKLHYH WKH SKRVSKRUHVFHQFH H!
E\ IUHH]LQJ WKH PROHFXODU PRWLRQV $QRWKHU
VIVWHPV LV UHODWHG WR WKHLU VWLPXOL UHVS
9DULRXV FKURPRSKRULF V\WWHPV VKRZLQJ $,( Pl
YXOQHUDEOH WR YDULRXV VWLPXOL 7KH H[SORUL
PDWHULDOV DUH TXLWH LPSRUWDQW LQ WKH DUHD



6WLPXOL UHVSRQVLYH HPLVVLRQ
FKURPRSKRUHYV

1IDWXUH KDV LWV UHVSRQVLYH PHFKDQLVP WR GLIIHI
LQVSLUHV WKH TXHVW IRU WKH GHYHORSPHQW RI VPEL
SURSHUWLHY 7KH RSHQLQJ Rl VHHGOLQJV WKH FOF
WRXFKLQJ HWF D UH VHUMHRV/SRIOW R IWFD & XIWHUHQW VW LP X
WKHVH UHVSRQVHY DUH GXH WR VRPH VHQVLWLYH VWL
7KH NH\ IDFWRU EHKLQG WKLV VWLPXOXV UHVSRQVLYH
WKH UHJXODWLRQ Rl VRPH ZHDN LQWHUDFWLRQV SUH
FDQ EH SK\WLFDO RU FKHPLFDO LQ QDWXUH 7KH YDUL
VWUHVV KHDW PDJQHWLELILHOBYWHWKH ZIKRLODA VSHFL
R[LGL]LQJ RU UHGXFLQJ DJHQWY VHUYH DV FKHPLEFDO
GLIIHUHQW W\SHV RI VWLPXOL UHVSRQVLYH VPDUW P
UHVHDUFKHUV ZRUOGZLGH ZKHUH D ILQH FRQWURO R\
E\ PDQDJLQJ WKH GLIIHUHQW ZHDN QRQERQGLQJ LQWH
ZHUH DEOH WR VZLWFK EHWZHHQ WZR VWDEOH FRQIRUI
VWLPXOL DQG LQ VRPH FDVHV HYHQ PXOWL VWDEOH V
VHQVLWLYLW\ REWDLQHG RQ GLIIHUHQW H[WHUQDO V
FKHPLFDO FKDQJHV WKDW RFFXU LQ UHVSRQVH WR D S
UHVSRQVLYH PDWHULDOV UHOHYDQW LQ YDULRXV DS
RSWRHOHFWURQLF PDWHULDOV VHQVRUV WDUJHWHG

,Q JHQHUDO WKH VWLPXOL UHVSRQVLYH VZLWEFKI
VXSUDPROHFXODU ,Q PROHFXODU VZLWFKHV WKH VWL
VWUXFWXUDO PRGLILFDWLRQ XQGHU DSSOLHG VWLPX
VZLWFKLQJ LV DFKLHYHG E\ WKH PRGXODWLRQ RI LQW
PROHFXODU SDFNLQJ OROHFXODU V\VWHPV FRQWDLQLC



DFW DV PROHFXODU VZLWFKHV VLQFH WKH\ FDQ EH VZ
LVRPHULF VWEWHWHPEOLHVY Rl FRQMXJDWHG PROH
SKHQ\OHQHYLQ\OHQH SKHQ\OHQHHWK\Q\OHQH SKHQ
EDFNERQH VKRZHG VZLWFKLQJ RI RSWRHOHFWURQLF S
VWDEOH VXSUDPROHFXODU VWDWHY 7KH GLIIHUHQFH
WZR VXSUDPROHFXODU VWDWHY EULQJ DERXW PRGLILF
IXQFWLRQDO PRWLI DQG HOHFWURQLF FRXSOLQJ EHW.
DVVHPEO\

7KH ©vbddédAles witnessed a tremendous interestint FRQMXJDWHG
OXPLQRSKRUHVY DWWULEXWHG WR WKHLU DSSOLFDWLR
HISHULPHQWDO VWXGLHY KDYH VKRZQ WKDW PROHFXO|!
LQ GHWHUPLQLQJ WKH OXPLQHVFHQFH HIILFLHQFLHYV I
VROLG VWODKWHDELOLW\ RI WKHWN®WIHPVVWR EPARGRII\ WKH|
VWUXFWXUH YLD VXEWOH WXQLQJ RI WKHLU SULPDU\
LOQWHUDFWLRQV JLYHV WKH VFRSH IRU DFKLHYLQJ WX
9DULRXV H[SORUDWLRQV WR XQGHUVWDQG WKH PHF
UHVSRQVLYbthddibuk M LRFRQQM XIJDWHG PROHFXOHV LQ WKH
GHPRQVWUDWHG WKH UROH RI DJJUHJDWH VWUXFWXU
SURSHUWLHYV 5HVHDUFKHUV DURXQG WKH JOREH HI[S
SKRWRSK\VLFDO SURSHUWLHV VXFK DV DEVRUSWLRQ
UHVSRQVH WR PXOWLSOH VWLPXOL $PRQJ YDULRXV U
VWLPXOL UHVSRQVH LQ WKH IRUP RI SKRWROXPLQH
IOXRUHVFHQFH DQG SKRVSKRUHVFHQFH UHFHLYHG JU
SRWHQWLDO DSSOLFDWLRQV 7KH VWLPXOL UHVSRQVL"®
DVVHPEOLHV LV GXH WR WKH VZLWFKLQJ EHWZHHQ GL
UHVSRQVH WR WKH DSSOLHG VWLPXOL 7KH FKDQJH L
HYLGHQFHG DV HLWKHU FU\WWDO WR FU\WWDO WUDQ
WUDQVLWLRQ DQG YLFH YHUVD ,Q RQH RI WKH UHFHC



HI[ISORUHG WKH PXOWLVWLPXOL UHVSRQVLYH WULFROR
DPRUSKRXV SKDVHAKWWWOQMXNAIRQHVSRQVLYH SKDVH FI
DERXW WKH PRGLILFDWLRQ RI DJJUHJDWLRQ SDWWHUQ
$Q LQYHVWLIJDWLRQ E\ ;X HW DO GHPRQVWUDWHG W
\HOORZ WR BR HFHIQVMWD O V\VWHP FDXVHG E\ FU\VWDO W
XQGHU PXOWLSOH VWLPXOL VXFK DV KHDW VROYHQW °
/7KH 1DWXUH RI WKH VWLPXOL DOVR KDV D PDMRU URC
FKDQJHV LQ WKH VWLPXOL UHVSRQVLYH PDWHULDOV ,(
VWLPXOL DUH IRXQG WR LQGXFH FU\WWDOOLQH WR D
ZKLOH WKH UHFRYHU\ RI WKH FU\VWDOOLQH SKDVH FI
VWLPXOXV 7KH VWLPXOXV VXFK DV WHPSHUDWXUH DQ
WKH UHFRYHU\ RI WKH FU\WWDOOLQH BKHVH IURP |
YXOQHUDELOLW\ RI DJJUHIJDWH VWUXFWXUHV WR GLII
VWUXFWXUDO IOH[LELOLW\ RI WKH PROHFXOHY DQG LQ
NH\ IHDWXUHV WR EH LQFRUSRUDWHG ZKLOH GHVLJQ
DVVHPEOLHYVY DUH WKH IOH[LEOH VLGH FKDLQV DQG I
IRUPLQJ UHODWLYHO\ ZHDNHU LQWHUPROHFXODU LQWI
RI WKH VROLG VWDWH HPLVVLRQ SURSHUWLHYV XQGHU
RI FKURPRSKRULF V\VWH P VAdddd Hiersi®) F RQHIXU B @&/ H G
FKURPRSKRUHVY HPSOR\HG WR REWDLQ VWLPXOL UHVSES
V\VWHPVY EDVHG RQ WHWUDSKHQ\OHWKHQH ROLJRSKH
S\UHQHVY HWF WDNH WKH SULPH SRVLWLRQ

6WLPXOL UHVSRQVLYH HPLVVLRQ LQ VRPI
FRPSRXQGV

Among varioust1 FRQMXJDWHG FKURPRSKRUHV H[SORUHG IRU
HPLVVLRQ SURSHUWLHV WKH WHWUDSKHQ\OHWKHQH
DWWHQWLRQ DV $,(( DQG VWLPXOL UHVSRQVLYH PDWH



FR ZRUNHUV GHPRQVWUDWHG WKH YHUVDWLOLW)\ RI |
JHQHUDWH VWLPXOL UHVSRQVLYH PDWHULDOV ZLWK

VWLPX@LRQH RI WHKHDQGYWKBH WY RI 73( GHULYDWLYHYV
VIQWKHVL]HG XVLQJ &OLFNDWQGWRRWUW EZKKDYHWIKH W
GLIIHUHQWO\ RQ DSS@ELNVRPHWLRXOMKH FRPSRXQG LV |
UHVSRQVLYH WR PHFKD®L¥RPHUWWHKRZAHZIOLQHIWKHLEO
RQ DSSOLHG VWWHVRPRAKHZVWRLBIl ZKLWH HPLVVLRQ

HPLVVLRQ VZLWFKLQJ WR EOXLVK JUHHQ RQ JULQGLQJ
UHFRYHUHG RQ RHDMKIHQFRPBDUDWLYHO\ UHG VKLIWH
REVHUYHG.VQPMKIHLY DVFULEHG WR WKH DPRUSKRXV VR
7KH REVHUYHG LQVLJQLILEDWRP HHWP LR/QY LRIQ GAKLIWE D.Q E
DWWULEXWHG WR WKH PRUSKRORJLFDO FKDQJH WKDW
VROLG ,Q WKHVREPWH RWKH VXEVWDQWLDO HPLVVLRQ

WUDQVLWLRQ IURP D FU\WWDOOLQH SKDVH WR DQ DPI
QDWXUH RVRWPKHJ ZDV HVWDEOLVKHG IURP WKH 3:5' SD\
WKH 3;5' SDWWHUQ FKDQJHV IURP VKDUS GLIIUDFWLRC
SHDNV DQG RQ KHDWLQJ WKH FU\WWDOOLQH IRUP LV U
3:5' SDWWHUQ +HQFH KHUH D FU\WWDOOLQH WR DPRU
H[SODLQHG DV WKH UHDVRQ IRU PHFKDQRFKURPLVP

%X HW DO VIQWKHVL]HG D YLQ\OS\ULGLQH VXEVWI
PXOWLVWLPXOL UHVSRQVLYH HPLVAKUIR @ ROHRAEFEEXHQJ )
VKRZHG HPLVVLRQ VZLWFKLQJ WR PHFKDQLFDO VWUHV
DOVR RQ SURWRQDWLRQ 7KH VLQJOH FU\WWDO ; UD\ C
WKH PROHFXOH KDV D KLJKO\ WZLVWHG FRQIRUPDWLRC
VKULQNDEOH VSDFH ZKLFK LV FDSDEOH RI XQGHUJRLQ
SUHVVXUH ,Q D GLITHUHQW VWZXR L @B QJWXHG HR RZARN NRI
WKH GRQRU ' DQG DFFHSWRU JURXS RQ WKH HPLVVLR



Multi-stimuli Fluorescence Responsive AIEgen

E‘ /g hydrostatic pressure

deccm press

t" ‘ protonation
R " deprotonation

grinding deprotanation {5‘; -
fuming protonation {,g

JLIXUH $ YLQ\O S\ULGLQH IXQFWLRQDOL]HG 73( VI\VWHP
UHVSRQVLYH HPLVVLRQ VZLWFKLQJ SHSURGXFHG ZLW
&RS\ULJKW $PHULFDQ &KHPLFDO 6RFLHW\

7KH VWXG\ WULHG WR XQGHUVWDQG WKH HPLVVLRQ VZ
FDUU\LQJ HLWKHU DFFHSWRU RU GRQRU DFFHSWRU JU
XQVXEVWLWXWHG 73( 7KH PHFKDQRFKURPLF 73( V\VWt
DFFHSWRU XQLW LV SUHSDUHG E\ VXEVWLWXWLQJ IX
GLHWK\ODPLQR JURXS VHUYHG WKH UROH RI GRQRU
VIQWKHVL]HG DV D \HOORZ HPLVVLYH SRZGHU FKDQJH(
FRORXU RQ JULQGLQJ 7KH RULJLQDO \HOORZ HPLVVL
WKHUPDO WUHDW RHQMW] PEVRYUHH WR VROYHQW YDSRXUYV
DQG 7+) 7KH REVHUYHG SLH]RFKURPLF HPLVVLRQ VZL\
DOVR DWWULEXWHG WR WKH WUDQVLWLRQ EHWZHHQ F

, Q =KDR HW DO VI\QWKHVL]HG D S\ULGLQLXP V
KLIJIK FRQWUDVW PHFKDQRFKURPLF HPLVVLRQ KDYLQJ I



RI QP7R XQGHUVWDQG WKH PHFKDQLVP EHKLQG W
HPLVVLRQ ; UD\ GLIIUDFWLRQ H[SHULPHQWV ZHUH FDU
DQG FRPSDUHG WR WKDW RI XQJURXQG VDPSOHV 7
FU\WWWDOOLQH WR OHVV FU\WWDOOLQH RU DPRUSKRXV
WKH EURDG SHDNV LQ 3;5' $ VHW RI RUJDQLF ERURQ
VIQWKHVL]HBBQ 6\ FRHQRUNHUV ZKHUH WKH FRPSOH[HV
PHFKDQRFKURPLF HPLVVLRQ EHKDYLRXKHRWHGPDVKLQJ
VKLIWHG HPLVVLRQ RQ JULQGLQJ ZDV DWWULEXWHG W
SKDVH WUDQVLWLRQ ZKLOH WKH EOXH VKLIWHG HPL
WUHDWPHQW DQG VPDVKLQJ ZDV H[SODLQHG DV WKH G
VWUXFWXUH WKDW ZDV IRXQG LQ WKH FU\VWDOOLQH |
GHULYDWLYHV WKH VWLPXOL UHVSRQVLYH HPLVVLRQ
SKDVH WUDQVLWLRQV LQFOXGLQJ FU\WWDO WR FU\VWD
ZKHUH WKH PROHFXOHV DJJUHJDWHV GLIIHUHQWO\
SKRWROXPLQHVFHQFH $00 WKH SUHYLRXVO\ GLVEXVV
PHFKDQRFKURPLF EHKDYLRXU RQ PHFKDQLFDO DJLWDW
RI DJJUHJDWH VWUXFWXUH DV D UHVXOW RI WKH FKD
JHQHUDO WKH UHG VKLIWHG HPLVVLRQ RQ PHFKDQL
planarization of ther OXQLQRJHQV 7KH SODQDUL]DWLRQ OHDG'
conjugation inthex VA\VWHP DORQJ ZLWK LPSURYHG GLSRODU F
UHGVKLIWHG HPLVVLRQ 7KH UHFRYHU\ RI WKH RULJLC
VDPSOH E\ RWKHU VWLPXOL VXFK DV WHPSHUDWXUH D
UHFRYHU\ Rl WKH FU\WVWDOOLQH SKDVHYV

3KHQ\OHQHHWK\OHQH EDVHG PROHFXOHV DUH DOV
VWDWH HPLVVLYH EHKDYLRXU DQG VLQJOH PROHFXO
SRVVLELOLW\ IRU IUHH URWDWLRQ DERXW WKH WULSOF
RI SODQDULW\ 7KH GHYLDWLRQ IURP SODQDULW)\ FDQ
FRQMXJDWLRQ WKHUHE\ UHVXOWLQJ LQ GLIIHUHQW HQ



FRZRUNHUV GHPRQVWUDWHG WKH WKHUPRFKURPLF
VXEVWLWXWHG SKHQ\OHQHHWK\Q\OHQH SRO\PHU ZKH
WKLV SRO\PHU LV DFKLHYHG E\ VZLWFKLQJ RI GHJUHt}
FU\WVWDOOL®RNLWKOWH VWXG\ ZDV FRQGXFWHG E\ .XON|
RQ D GLPHWKR[\ GHULYDWLYH RI WKH ROLJR SKHQ\OHC
VWXG\ GHPRQVWUDWHG D FRROLQJ UDWH GHSHQGHQW
DQG HPLVVLRQ FRORXH NQIVHMWLIDWLRQ DOVR H[SORL
Rl VXUIDFH PRUSKRORJ\ RQ HPLVVLRQ EHKDYLRXU 7K
HPLVVLRQ FRORXU LV DVVLIQHG WR SUHIHUHQWLDO Z
DQG SODQDUL]DWLRQ ODML DQG FR ZRUNHUV H[SORUH
HWK\Q\OHQH FKURPRSKRUH VKRZLQJ PHKKDQRFKURP
PROHFXOH VKRZHG VWURQJ DQG ZHDN LOQWHUPROHF
FU\WVWDOOLQH VWDWH DQG WKH PHFKDQRFKURPLF PR
OHDGV WR WKH VWUHVV LQGXFHG VZLWFKDEOH HPLVYV]
DO RQ OXPLQHVFHQW F\FORSKDQH WKDW LV FRP
ELV SKHQ\OHWK\Q\O DQWKUDFHQH PRLHWLHYV OLQNHG

cncﬁﬁg
rate - 13°C/min

)LIXUH $ VWLPXOL UHVSRQVLYH SKHQ\OHQHHWKH
SHSURGXFHG ZLWK SHUPLVVLRQ I URP UHIHUHQFH &



XQLwyvY GHPRQVWUDWHG WKH PHFKDQRFKURPLF DQG
VZLWFKLQJ FDXVHG E\ GLIITHUH QKHPRIOHFXRPKUBY VWP E
LQ WKLV VA\VWHP LV DFKLHYHG E\ FU\VWDO WR OLTXLG
WKH PHFKDQRFKURPLVP LV DWWULEXWHG WR VKHDU
PROHFXODU DVVHPEO\ 7KH VWXG\ GHPRQVWUDWHG L
UHVSRQVH E\ FRQWUROOLQJ WKH ULQJ VL]H RI WKH F\F

&\DQRVWLOEHQH &\DQRVW\UHQH EDVHG
VI\VWHPV

In recent years cyanostyrene basedt FRQMXJDWHG OXPLQRSKRUHV JRW
LOQOWHUHVW RZLQJ WR WKHLU KLJKO\ HPLVVLYH SURSHU
VIQWKHVLY DQG SURSHUW\ PRGLILFDWLRQV ,Q JHQ
F\DQRVW\UHQH GHULYDWLYHY DUH ZHDNO\ IOXRUHVFH(
PHPEHUV RI WKHVH VA\VWHPVY VKRZHG D KLJKO\ HQKDQH
ZLWK IDVW UHVSRQVH WR HIWHUQDO VWLPXOL VXFK D\
VROYHQHWFKH F\DQRVWLOEHQH EDVHG VWLPXOL UHVS
PROHFXOHY KDYH EHHQ H[SORUHG E\ YDULRXV UHVHDL
GHSHQGHQFH RQ YDULRXV VWLPXOL VXFK DV SUHVVXU!
)DQ HW DO V\QWKHVLVHG F\DQRVWLOEHQH EDVHG PXO
LVRPHUV E\ YDU\LQJ WKH SRVLWLRQ RI F\DQR JURXSYV .

JLIXUH $ SKRWR UHVSRQVLYH F\DQRVW\U\OEHQ]JHQH Gl
ZLWK SHUPLVVLRQ IURP UHIHUHQFH &RS\ULJKW



WKH UHODWLRQVKLS EHWZHHQ VWUXFWXUWH DQG SKRW
UHSRUW VXFFHVVIXOO\ GHPRQVWUDWHG WKH HIIHFW R
JURXS RQ OXPLQHVFHQFH EHKDYLRXU E\ YDULRXV VSH
. UD\ GLIIUDFWLRQ PHWKRGV $ VWXG\ RQ WKH GRQRU I
VIVWHP E\ :DQJ HW DO H[SORUHG WKH VWLPXOL U
DVVHPE®KH IOXRUHVFHQFH VZLWFEKLQJ LQ WKLV PROF
FU\WWDO WR DPRUSKRXV SKDVH WUDQVLWLRQ 7KLV GFR
UHVSRQVIEXHD QURB LQ WKH VROYHQW ZKLFK PDGH WKH
VHQVRU OLNH DSSOLFDWLRSURSRVWEGA\EQRKIVQ O BHWQ B
SURPLVLQJ JURXS WR SUHSDUH OXPLQHVFHQW SRO\P
SRO\PHU PDWUL[ ZKHUH WKLV FRXOG EH HPSOR\HG LG
DSSOLFDWOPGWGLWLRQ WKHUH DUH VHYHUDO UHSRUW
JHOV VKRZLQJ $,(( DQG VWLPXOL UHVSRQVLYH EHKDYL

IDNDQR DQG FRZRUNHUV V\QWKHVL]JHG D ELV
GHULYDWLYH & % VKRZLQJ ERWK SKRWRLQGXFHG
UHYHUVLEOH HPLVVLRQ VZLWFKLQJ 7KLV PROHFXOH
HPLVVLRQ VZLWFKLQJ RQ UXEELQJ DQG UHFRYHU\ ZDV
J)LIXUH 7KH PROHFXOH VKRZHG HPLVVLRQ FRORXU FK
VWUHVVY DWWULEXWHG WR WKH FU\WVWDOOLQH WR DPR
LOQWHUHVWLQJ REVHUYDWLRQ LQ WKLV V\VWHP LV WKD
VKRZHG HPLVVLRQ VZLWFKLQJ IURP RUDQJH WR JUHH
UHVSRQVH LV D UHVXOW RI D SKRWRFKHPLFDO UHDFW
UHSRUW E\ -LDQJ DQG FR ZRUNHUV RQ RUJDQR JHOV
F\ DQRVWLOEHQH GHULYDWLYHVY GHPRQVWUDWHG WKH
WKDW DUH KLJKO\ UHVSRQVURIP WKHYIDHURXQW UWHNEIRAXC
HYLGHQW WKDW WKH DVVHPEOLHV RI F\ADQRVWLOEHQF
FRUH DUH SURPLVLQJ LQ WKH ILHOG RI VWLPXOL UHVS
WKHLU KLJKO\ HPLVVLYH QDWXUH ZLWK YXOQHUDEL:



FU\VWDOOLQH DPRUSKRXV D®G RAMRQOW (>\DW H B HWOQV. AVDXT E
VXEVWLWXWHG F\DQRVWLOEHQH FRUH V\VWHPV ZLWK
GLITHUHQW FKDLQ OHQJWEYV &XZHUHIW\@QW KHYH|BIGFK JUR X
WKH ILUVW DWWHPSW LQ WKLV GLUHFWLRQ ZDV E\ 3
VXEVWLWXWHG V\PPHWULF FADK) R WX GO ESHHPHR G VHW U DDWHIC
HPLVVLRQ HQKDQFHPHQW DWWULEXWHG WR WKH IR
planarization of the @ system. A butoxy derivative of the

GLF\DQRGLVW\U\OEHQ]J]HQH ZzDV DOVR UHSRUWHG E\ 3D
VKRZHG WKH IRUPDWLRQ RI KLIJKO\ HPLVVLYH DJJUHJD
UHVSRQVLYHE HKIHV WVIVRXQG\ DOVR H[SORUHG WKH VWU,
UHODWLRQVKLS FRUUHODWLQJ WKH REVHUYHG HPLVVIL
PROHFXODU SDFNLQJ GHULYHG IURP VLQJOH FU\VWWDO
ZRUN 3DUN DQG FR ZRUNHUV UHSRUWHG D WULFRORX
GHULYDWLYH DQG GHPRQVWUDWHG WKH PXOWLVWLPX(
DVVLIQHG WR FU\WVWDO WR FU\WWDO DQG° FU\VWDO W
$OWKRXIK WKH HITHFWLYHQHVY LQ WKH WXQLQJ RI RS
F\ADQRVWLOEHQH FRUH VA\VWHPV OLHV LQ WKH VHOHF
UHODWLRQVKLS EHWZHHQ WKH PROHFXODU VWUXFWXU

reprecipitate

JLIXUH $ 0XOW VWLPXOL UHVSRQVLYH F\DQRVW\U\OE|I
SHSURGXFHG ZLWK SHUPLVVLRQ IURP UHIHUHQFH &



RI VXEVWLWXWHG F\DQRVWLOEHQH DWW b PE/XWHP IV IKGIV
VWLPXOL UHVSRQVLYH HPLVVLRQ LQ F\DQRVWLOEHQH

D FUIZWWDOOLQH WR DPRUSKRXV SKDVH WUDQVLWLRQ
WKH IRUPDWLRQ RI WZR HQHUJHWLFDOO\ VWDEOH HPI
DVVLJQ WKH REVHUYHG PHFKQRIOXRURFKURPLVP LQ F
ORZ HQHUJ\ VKHDU VOLGLQJ EHWZKHIHI WRKE FROHFEXO
ZRUNHUV VIQWKHVL]HG D WULFRORXU HPLVVLYH OXPLC
VKRZLQJ PXOWLVWLPXOL UHVSRQVLYH HPKWVLRQ LQ VI
FU\WWWDOOLQH SRZGHU RI WKH FRPSRXQG VKRZHG EOX
RQ JULQGLQJ UHVXOWHG LQ JUHHQ HPLVVLYH * SKDVH

ZDV REWDLQHG E\ WKH UHSUHFLSLWDWLRQ RI WKH * S
ZDV REVHUYHG RQ JULGLQJ 7KH IRUPDWLRQ RI < SK
DUUDQJHPHQW RI WKH FKLUDO PROHFXOH ZLWK VSHI
IRUPDWLRQ RI WKH * SKDVH LV DVVLJQHG WR FU\VWDO
UHSRUW RQ WKH DVVHPEO\ RI WULSKHQ\ODPLQH DSSH
VIVWHP VKRZHG PHFKDQRIOXRURFKURPLVP DORQJ ZLV
PROHFXOH FRPSULVHG D GRQRU DFFHSWRU V\VWHP Z}
WULSKHQ\ODPLQH DFW DV DFFHSWRU DQG GRQRU PRL
SDWWHUQ RI WKH JURXQG SRZGHU LQGLFDWHG WKH OR
UHSUHVHQWHG WKH SDWWHUQ REWDLQHG IRU WKH DF
SUHYLRXVO\ GLVFXVVHG H[DPSOH WKH REVHUYHG

RULJLQDWHG IURP D SKDVH WUDQVLWLRQ IURP D Ol
DPRUSKRXV IRUP

7KH PDMRU DWWUDFWLRQV RI WKH F\DQRVW\UHQH
HDVLQHVV RI VIQWKHVLY DQG VWUXFWXUH WXQDELOLW
DWWDLQ VWLPXOL UHVSRQVLYH RSWRHOHFWURQLF SUF
E\ VXLWDEO\ PRGLI\LQJ WKH F\DQRVW\UHQH FRUH ZLW
SRVVLEOH WR DWWDLQ WZLVWHG QRQ SODQDU VWUXFYV



VXLWDEOH VXEVWLWXWLRQ 7KH F\ADQRVW\UHQH EDVHC
OXPLQHVFHQFH VZLWFKLQJ WKDW FDQ EH DFKLHYHG E
VWUXFWXUH DOzZD\V DWWUDFWHG HQRUPRXV UHVHDUF|

'HVLJQ VWUDWHJILHV RI $,(( V\VV
XQGHUVWDQGLQJ W K H VWUXFWXUDO
SKRWROXPLQHVFHQFH EHKDYLRXU

7KH GLVFXVVLRQV RQ YDULRXV OLWHUDWXUH RQ $,(( D
WKH SKRWROXPLQHVFHQFH HPLVVLRQ EHKDYLRXU D(
VZLWFKLQJ EHKDYLRXU RI RUJDQLF OXPLQRJHQV ZHUH
VWUXFWXUDO IDFWRUV $V DOUHDG\ GLVFXVVHG OXPL
UHTXLUHPHQWY DUH SUHIHUUHG IRU GHYHORSLQJ $
LQGXFHG HPLVVLYH VA\VWHPV ZHUH PDLQO\ GHYHORSHG
,Q WKH VROLG WKH DJIJUHIJDWH IRUPDWLRQ PXVW KD
OXPLQHVFHQFH EHKDYLRXU VKRXOG EH HQKDQFHG 7K
GHVLJQ SULQFLSOH RI $,(( VIVWHPV LW LV TXLWH LPSF
VWUXFWXUH RI WKH OXPLQRSKRUHV XQGHU LQYHVWI
GLITUDFWLRQ VWXGLHV PLIJIKW KHOS WR LQYHVWLJDW
OXPLQRSKRUHV 7KH DJJUHJDWH IRUPLQJ QDWXUH RI'Y
ZHOO XQGHUVWRRG IURP ; UD\ GLIITUDFWLRQ VWXGLHYV
$,(( VIVWHP LW LV EHWWHU WR FKRRVH D WZLVWHG Ft
VI\VWHP E\ VXLWDEO\ VXEVWLWXWLQJ SODQDU PROHFXC(
FULWHULRQ LQ WKH IRUPDWLRQ RI VIVWHPYV KDYLQJ KL
FURVV OLQNHG VWUXFWXUHV RU IL[LQJ WKH FKURPF
FU\WVWDOOL]DWLRQ HWF DUH PDLQO\ XVHG LQ WKH IR
HPLVVLYH PDWHULDOV 7KH UHVWULFWLRQ RI LQWHUP
LQFOXGLQJ VWLOEHQHV V\VWHPV URKMOWNRUH) WKH



VHOHFWLQJ D WZLVWHG OXPLQRSKRUH DQG ULJLGLI\LC
YDULRXV PHWKRGY DUH LPSRUWDQW LQ WKH PDNLQJ R
HIILFLHQF\ DQG ORQJHU OLIHWLPHYV

7KH HPLVVLRQ VZLWFKLQJ REVHUYHG LQ WKH RUJ
GHSHQGV RQ WKH VWUXFWXUDO PRGLILFDWLRQ WKDW |
SDUWLFXODU VWLPXOL FU\WWDO WR FU\VWDO RU FU\V
DUH UHSRUWHG DV WKH UHDVRQ IRU VWLPXOL UHVSR
LPSRUWDQW WR NQRZ ZKDW NLQG RI VWUXFWXUDO WUI
GXULQJ WKH DSSOLFDWLRQ RI VWLPXOL 7KH FU\VWDO
PD\ EH FOHDUO\ XQGHUVWRRG IURP WKH SRZGHU ; 1
REWDLQHG IRU WKH UHVSHFWLYH SKDVH 7KH QDWXI
LQGLFDWHYVY WKH QDWXUH RI WKH SKDVH WUDQVLWLRQ
VKRZHG GLIIHUHQFHY LQ WKH HPLVVLRQ EHKDYLRXU
HVSHFLDOO\ WKH VLQJOH FU\WVWDO ; UD\ GLITUDFWLRC
XQGHUVWDQGLQJ WKH VWUXFWXUDO FKDQJH RI WKH S
SDWWHUQ RI DJJUHIJDWHKHRRPNVQLIR FHDWF RIFIYKHYV WKHVI
SUREH WKH VWUXFWXUDO DVSHFWV FRQWULEXWLQJ W
HPLVVLRQ LQ F\ADQRVW\UHQH EDVHG SKRWROXPLQHVFH
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&KDSWHU
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ODWHULDOV DQG PHWKRGYV



6\QWKHVLY DQG &KDUDFWHUL]DWLRQ

$00 WKH VWDUWLQJ PDWHULDOV DQG VROYHQWYV ZHUH
DQG XVHG ZLWKRXW SXULILFDWLRQ 7KH SURFHGXUH\
FRPSRXQGV ZHUH GLVFXVVHG XQGHU WKH H[SHULPHQ
FKDSWHUYV

&U\WWWDOOL]J]DWLRQ 7THFKQLTXHV

7KH TXDOLW\ RI WKH VLQJOH FU\WVWDO LV D QHFHVVDU
UD\ GLIIUDFWLRQ VWXGLHV $OWKRXJK YDULRXV PHWK
SUHSDUDWLRQ RI JRRG TXDOLW\ VLQJOH FU\WWDOV W
VROXWLRQ KDV EHHQ DGRSWHG DV WKH ZLGHO\ XVHG F
FU\WWDOV RI RUJDQLF FRPSRXQGYV 7KH XQLIRUP GLPF
DOVR TXLWH LPSRUWDQW WR REWDLQ JRRG TXDOLW\

GDWD +HUH LQ WKLV ZRUN WKH WHFKQLTXH XVHG I
HYDSRUDWLRQ PHWKRG 7KH VLQJOH FU\WWDOV RI VR
JURZQ E\ VORZ VROYHQW HYDSRUDWLRQ DW URRP Wt
FU\WWDOV Rl VRPH FRPSRXQGYV ZHUPR JWBRDJCMHN ORZ W
VROYHQW DQG VROYHQW PL[WXUHV ZHUH DOVR XVHG

&U\WWDOV PHQWLRQHG LQ &KDSWHU ZHUH PDLQO\ JL
GLVVROYLQJ WKH VDPSOHV LQ PLQLPXP TXDQWLW\ RI ¢
HYDSRUDWLRQ DW URRP WHPSHUDWXUH 'LEKORURPHMW
IRU WKH FU\WWDOOL]DWLRQ RI RQH RI WKH LVRPHUV |
FU\WWWDOV DQDO\VHG LQ &KDSWHU ZHUH JURZQ IURP
VROYHQW PL[WXUHV 'LFKORURPHWKDQH WROXHQH H
KH[DQH PL[WXUH HWF ZHUH XVHG WR JURZ FU\VWDOV
VLQJOH FU\WWDOV RI WKH FKROHVWHURO EDVHG V\VW
JURZQ IURP WROXHQH



;, UD\ GLITUDFWLRQ DQDO\VLYV

7 K H rgy diffraction is based on Bragg’s diffraction law ZKLFK KHOSV WR
XQGHUVWDQG WKH UHODWLRQVKLS EHWZHHQ GLIIUDFW
PDWWHU ,Q WKLV PHWKRG WKH FRQGLWLRQV DUH VX
SODQHV RI FU\VWDOV ZALGKIDDQFWHG GRQW WIUXIFOML Y H O
DFFRUGLQJ WR % UDAD YGCQWENHHNVISHDO DQDOHGLVWDQFH G F
planes are related by the expression nA =2d Sin & 7KH GLIITUDFWLRQ SDWW|
REWDLQHG IRU HDFK VDPSOH XQGHU VWXG\ LV FKDUDF
VDPSOH XQGHU LQYHVWLJDWLRQ

3RZGHU ; UD\ GLIIUDFWLRQ DQDO\VLYV

7KH SRZGHU ; UD\ GLIITUDFWLRQ WHFKQLTXH LV D QRQ
VWUXFWXUDO FKDUDFWHUL]DWLRQ RI PDWWHU 7KH SF
GHWHUPLQH WKH FU\WVWDOOLQLW\ DQG SKDVH RI WKH "
3;5' WHFKQLTXH WKH PDWHULDO XQGHU LQYHVWLJDWL
wavelength, A and electrons were scattered from the sample with certain

YHORFLWLHY DQG WKH LQFLGHQW ; UD\V GLIIUDFWHG
ODZ RI GLINJDF®W BRaQdiftpactionpatte UQV ZHUH REWDLQHG ZKLI
LV FKDUDFWHULVWLFV RI WKH VDPSOH XQGHU LQYHVW
IRFXV LV RQ WKH VWLPXOL UHVSRQVLYH QDWXUH RI '
UHVSRQVLYH HPLVVLRQ LQ D SDUWLFXODU DJJUHJDWH
WUDQVLWLRQ RU FU\VWDO WR DPRUSKRXV WUDQVLWLR
LQ WKH VROLG IRUPV RI WKH FRPSRXQGV RQ DSSO\L
FKDUDFWHUL]J]HG E\ FRPSDULQJ WKH SRZGHU ; UD\ G
VWUXFWXUDO YDULDWLRQV FDQ EH H[SORUHG E\ LQG
PANalytical X’Pert3 (& X o« UDGLRWLRQ ¢ UDGLDWLRQ VRXUFH

RSHUDWLQJ DW ND BHI® QOWSLFDO $HWLY XVLQJ &:



UDGLRWLRQ ¢ UDGLDWLRQ VRXUFH RSHUDWLQJ DW
SRZGHU ; ubD\ GLIIUDFWRPHWHUVY ZHUH XVHG WR REW
GLVFXVVHG LQ YDULRXV &KIOHSWHUVYVDREWWKG® SVIKWWIHW Q
UHFRUGH®G \RFYHQ DD QJFLQJI DWRP VWHS DIJE RI

UHV SHF WANalzal XP&t3and 3$1DQO\WLFDO $HULV GLIIUDFWHE
7KH WHPSHUDWXUH GHSHQGHQW ; UD\ GLITUDFWRJUDP®

'LVFRYHU GLITUDBEWRPBRW HUD QUWXJ TKHRPVDPSOH

ZDV SODFHG RQ D FRSSHU VDPSOH KROGHU ILWWHG ZI
GLII/UDFWLRQ H[SHULPHQWV ZHUH FRQGXFWHG DIWH
WHPSHUDWXUH RYHUox BD@GXWWVRQKHWHR&EXFEFH RSHUDWLQ
DQG P$ LV XVHG DV DQ ; UD\ VRXUFH IRU UHFRUGLQJ

6LQJOH FU\VWDO ; UD\ GLITUDFWLRQ VWXGLHYV

6LQJOH FU\VWDO ; UD\ GLIIUDFWLRQ LV D PROHFXODU
ZKLFK SURYLGHV GHWDLOHG VWUXFWXUDO DQG ERQGL
PROHFXODU VWUXFWXUH WKH VLQJOH FU\VWDO ;
LOWHUPROHFXODU LQWHUDFWLRQV DQG PROHFXODU S

'DWD FROOHFWLRQ IRU VWUXFWXUDO DQDO\VLYV

$Q 20\PSXV 6= VWHUHR]RRP PLFURVFRSH DWWDFKHG
XVHG IRU VHOHFWLQJ JRRG TXDOLW\ VLQJOH FU\VWDOV
LQ WKLV WKHVLV 7KH FU\WVWDOV ZLWK GLPHQVLRQV LC
WR PP ZHUH FKRVHQ IRU VLQJOH FU\VWDO ; UD\ GD
ZDV PRXQWHG RQ D JODVV ILEUH SODFHG RQ D FRSSHU
KHDG 7KH JRQLRPHWHU KHDG LV SODFHG RQ WKH GLI
DGMXVWHG WR WKH ; UD\ EHDP XVLQJ DQ RSWLFDO PL
DQ DWWDFKHG PRQLWRU



7KH ; UD\ GLIITUDFWLRQ LQWHQVLW\ GDWD IRU YDULRX
%UXNHU ' 4XHVW (FR GLIITUDFWRPHWHU RSHUDWLQJ D\
ZLWK 3KRWRQ ,,, GHWHFWRU RU %UXNHU ' 9HQWXUH C
N9 DQG P$ DWWDFKHG ZLWK 3KRWRQ ,, GHWHFWRU Z
Rl FRPSRXQGV H[FEG2AASBRYPBRWYHEG LQ &KDSWHU ZHUH
DW URRP WHPSHUDWXUH &6 2 ZEKWH FROO MHKVWWHGDDWD R
XQGHU D VWUHDP RI OLTXLG QLWURJHQ $00 WKH GI
using Mo Ka radiation (0.71073 ¢ ZKLOH WKH FU\VWDO VWUXFWXUH
&6 SUHVHQW H GwhsQolBdeD SMg UKo radiation (1.5406 A).
7KH FU\VWDO WR GHWHFWRU GLVWDQFH ZDV VHW WR
FROOHFWLRQ 7KH GDWD SUHSDUDWLRQ RI GDWD FROC
WKH GDWD FROOHFWLRQ zZDV FDUULHGDRKIN XVLQJ $
LOQOWHJUDWLRQ /RUHQW] DQG SRODUL]DWLRQ FRUUHF\
FDUULHG RXW XAKHHQ FBRJUDP 6$'$%6 ZDV XVHG WR SHL
DEVRUSWLRQ FRUUHFWLRQ RQ WKH PHUJHG GDWD DQ!
6257%$9 VRIWZDUH RI WKH |, TKHSUWUXFRVXXHW DV VROYF
GLUHFW PHWKRGV XVLQG6UYHI&EQHG E\ 6+(/;/
SURJUDPV LQFRUSRUDWHGKWRK\GQURIWNRIWWRPYV RQ DO
FDUERQ DWRPV H[FHSW WKRVH ZLWK GLVRUGHU ZHUF}
JRXULHU PDS DQG ZHUH UHILQHG LVRWURSLFDOO\ 7t
FRPSRXQGV DW D SUREDELOLW\ OHYHO DUH GUDZC(
7KH PROHFXODU DQG SDFNLQJ GLDJUDPV ZHUH JHQH
OHUFXU\ YHUVI(RMQHUPROHFXODU LQWHUDFWLRQV ZHUH
SURJUDP 3/%721

SKRWROXPLQHVFHQFH VSHFWURVFRS\

SKRWROXPLQHVFHQFH VSHFWURVFRS\ 3 / LV D PHWK
HOHFWURQLF VWUXFWXUH RI PDWWHU W LV D FRQWD



LOQOWHQVLW\ RI WKH HPLWWHG SKRWRQV DQG WKH VS
LQIRUPDWLRQ DERXW WKH HOHFWURQLF VWUXFWXUH R
JOXRUHVFHQFH VSHFWUD GLVFXVVHG LQ &KDSWHU Z
-RELQ <YRQ )J)OXRURORJ VSHFWURIOXRULPHWHU %|
VWDWH TXDQWXP \LHOGV ZHUH PHDVXUHG RQ DQ ('
VSHFWURPHWHU DWWDFKHG ZLWK DQ LQWHJUDWLQJ
IOXRUHVFHQFH OLIHWLPH H[SHULPHQWY ZHUH SHUIRUF
SKRWRQ FRXQWLQJ V\VWHP 7&63& JOXRURFXEH
SKRWROXPLQHVFHQFH VSHFWUD DQG OLIHWLPH H[SHUI
ZHUH SHUIRUPHG XVLQJ D +RULED )OXRURORJ VSHFW
VHW XS PRGHO )/ & 3KRVSKRUHVFHQFH VSHFWU
UHFRUGHG XVLQJ D SXOVHG 89 [HQRQ ODPS ZLWK HDFI
DW #dfium (FWHM) of 3 us. Samples were excited with pulsed light

DQG WKH HPLWWHG SKRVSKRUHVFHQFH ZDV PHDVXUHG
50 us and 10 s and an RSHQ ZLQGRZ EHWZHHQ SXOVH DQG GH
SKRWROXPLQHVFHQFH VSHFWUDO DQDO\VLY DQG OLIH
ZHUH SHUIRUPHG XVLQJ )OXRURORJ VSHFWURIOXRUL
PRGHO )/ & 7TKH TXDQWXP \LHOGV RI HDFK VDPSC
WKH (',1%85*+ )/6 LOQVWUXPHQW DWWDFKHG ZLWK D!



SHIHUHQFHYV

%UXNHU $3¢(; 6$,17 DQG 6%$'$%6

5 + %OHVVLQJ 2XWOLHU 7UHDWRHG@W LQ 'DWLEL
&U\WWDOORJU -

* 0 6KHOGULFN $ VKRUWFKMWD/WRUWWIO BORIU 6HFW
&U\WWDOORJU -

* 0 6KHOGULFN &U\WWDO VWUXFWXUH UHILQHPH
&U\WVWDOORJU 6HFW & 6WUXFW &KHP

/| - )DUUX$EBO &U\WWDOORJU

& ) ODFUDH 3 5 (GJLQJWRQ 3 OF&DEH ( 3LGFF
5 7D\ORU 0 7RZOHU DQG -$99Q '&USWWDBHGIOARJIU

$ / 6SHMNMSSO &U\WWWDOORJU



&KDSWHU

L
$IJJUHIDWLRQ ,QGXFHG 3KRWR
WHKDYLRRONRDR[\ 6 XEVWLWXW
'LF\DQRGLVW\A\U\OEHQ]JHQH '"HUL

[

Supramolecular control

Monomer g b
) 5

Aggregate
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$SEVWUDFW

7KLY FKDSWHU GLVFXVVHV WKH UROH RI YDULRXV VW
WKH OXPLQHVFHQFH HIILFLHQF\ RI D VHULHV Rl RU!
GLF\DQRGLVW\U\OEHQ]J]HQH GHULYDWLYHV 7KLV ZR
LPSRUWDQFH RI UHVWULFWHG LQWUDPROHFXODU UR
WULSOHW VWDWHY LQ GLF\DQRGLVW\U\OEHQ]J]HQH GH
$00 WKH RUWKR DON\OR[\ GHULYDWLYHV RI GLF\DQRC
WKLV ZRUN GHPRQVWUDWHG DJJUHJDWLRQ LQGXFHG |
VWDWH LQ FRPSDULVRQ WR WKH UHVSHFWLYH GLOXW
LQ 7+) 7KLV VWXG\ LQYHVWLIJDWHY WKH LPSRUWDQFF}
parameters in the solid state such as twistint EDFNERQH RYHUODS DQG
interplanar distance of the 1 VAIVWHP LQ GHWHUPLQLQJ WKH 10Xl
HIILFLHQF\ RI WKH FRPSRXQGY LQ WKH VROLG VWDW
FRPSDUDEOH OXPLQHVFHQFH VSHFWUD DW URRP Wt
OH7+) VROXWLRQV ZLWK D OLIHWLPH LQ WKH UHJLPH |
VSHFWUD DW . VKRZHG GLIITHUHQW VSHFWUDO QDW X
7KH HPLVVLRQ RI WKH FRPSRXQGYV UHFRUGHG DW UR
GHOD\ RI PV VKRZHG KLJKO\ UHGVKLIWHG HPLVVLR
RUGHU RI PLOOLVHFRQGY 7KH UHG VKLIWHG HPLVVLF
PLOOLVHFRQGYVY FRQILUP SKRVSKRUHVFHQFH LQ 'V
GLF\DQRGLVW\U\OEHQ]J]HQH GHULYDWLYHV DW . 7K
DOO WKH PROHFXOHV VKRZHG GLIIHUHQW VSHFWUD
VROXWLRQV LQ 7+) DORQJ ZLWK HQKDQFHG EXW YDU!
VROLG VWDWH 7KH VWUXFWXUDO IDFWRUV EHKLQG
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IHDWXUHYVY DQG HQKDQFHG TXDQWXP HIILFLHQF\ RI D
H[ISORUHG XVLQJ VLQJOH FU\VWDO ; UD\ GLIIUDFWLR
WKH SKRWRSK\VLFDO SURSHUWLHY ZLWK WKH VWUXF
VWDWH FRQILUPHG WKDW WKH LQWHUSOD\ EHWZHHQ
structure along with the & & overlap and the interplanar distance plays

D FUXFLDO UROH LQ GHWHUPLQLQJ WKH HQKDQFHG H
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 QWURGXFWLRQ

$IJIJUHIDWLRQ LQGXKHGVHWPAYVYM\WROPHG DV RQH RI
PDMRU FRQWULEXWLQJ IDFWRUV RI WKH XQT)>
luminescence in organict VI\VWHHYXH SKRWROXPLQHVFHQFH
RUJDQLF FRQMXJDWHG PROHFXOHY PDLQO\ GHSH(
aggregate formed in the solid state. Previous reports on ©
FROQOMXJDWHG PROHFXOHY LQGLFDWHG WKDW WKH
; DJJUHJDWH FDQ UHVXOW LQ LQFUHDVHG OXPLQ
9DULRXV RSWRHOHFWURQLF DSSOLFDWLRQV RI R
LPSURYHG TXDQWXP HIILFLHQF\ ZKHUH D VXLW
DJJUHJDWH VWUXFWXUH ODUJHO\ FRQWULEXWH'
HITLFLHQF\

6FRSH RI 3UHVHQW ,QYHVWLJDWLR

7KH PROHFXODU VWUXFWXUH DQG WKH SDFNLQJ
VWUXFWXUH DUH TXLWH LPSRUWDQW LQ WKH PDN
FDQ UHIJXODWH WKH DJJUHJDWH SDFNLQJ E\ VXL
+HUH WKH DLP EHKLQG WKH SUHVHQW H[SORUDW
design strategies in a simple molecular system namely, o
F\DQRVWLOEHQH WR REWDLQ HQKDQFHG TXDQWX
2ZLQJ WR WKH F\DQRa SRRX SV LIR@ o WKHHY HUD O
F\DQRVWLOEHQH GHULYDWLYHYVY KDYH VKRZQ D W
VROLG VVMBBIWWLQJ WKDW W KRHUWRER WK IWVRKQVRR Q LQ
GLF\DQRGLVW\U\OEHQ]HQH VA\VWHP ZRXOG JLYH |
PROHFXODU JHRPHWURUQYRKHORROYGUVWOQWW RI
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GLF\DQRGLVW?2&®BEHRE&EQHEIHUH GHVLIJQHG DQG
VIQWKHVL]HG 6FKHPH&62SAKHHYPR®WEX GHVFXVVHG
LQ FKDSWHU DOVR LQFRUSRUDWHG LQ WKLV V
HPLVVLRQ EHKDYLRX2E® QR WHARQFHQLBIWYFH ,Q
DGGLWLRQ WR WKH HQKDQFHG IOXRUHVFHQFH L
H[SHFWHG WKDW WKd [FQKORWWWOO WYLWWRG ZLV
RUWKA®RN\OR[\ VXEVWLWXWLRQ PD\ JLYH ULVH WR I
with higher twistint EDFNERQH OHDGLQJ WR VWDEOH WUL
WKHUHE\ SKRVSKRUHVFHQFH DW . $ VLPLOD
SKRVSKRUHVFHQFH ZDV PDGH SUHYLRXVO\ LQ VW
RZLQJ WR WKH UHVWULFWLRQ RIRWKBORWHDPROF
WKH SRVVLELOLW\ RI D VWDEOH WULSOHW VWDW
PRWLRQV WKH OXPLQHVFHQFH VSHFWUD DQG OLI
DSSO\LQJ YDULRXV WLPH GHOD\ 7R XQGHUV\
VWUXFWXUDO IDFWRUV RI WKH RULJLQ RI HQKDQF
D GHWDLOHG DQDO\VLV Rl SKRWRSK\VLFDO SURS'!
WKH VWUXFWXUDO GHWDLOV REWDLQHG IURP VLQ
ZDV FRQGXFWHG 7KH SUHVHQW LQYHVWLJDWLRQ
VXSUDPROHFXODU FRQWURO RQ LQFUHDVHG IOXF
LQ WKH VROLG VWDWH 7KLV LQYHVWLJIJDWLRQ D¢
LOQWHUSOD\ EHWZHHQ WKH VWUXFWXUDO SDUDPH\
n RYHUODS DQG LQWHUSODQDU GLVWDQFH RQ
IOXRUHVFHQFH TXDQWXP RUWKERNGO R[\R
GLF\DQRGLVW\U\OEHQ]HQH GHULYDWLYHYV

92



Q / O = - C,H5(0C5-1),

- C4H, (0CS-2)
- C5Hy, (0CS-3)
- C;Hy; (0CS-4)
- CgHy, (0CS-5)
- CyoH,, (0CS-6)
6FKHPH OROHFXODU VWU XKWWK R RI

DON\OR[\GLF\DQRGLVW\U\OEHQ]JHQHYV
([SHULPHQWDO 6HFWLRQ

6ROYHQWY DQG FKHPLFDOV IRU WKH VIQWKHYV
VWXGLHYVY ZHUH SXUFKDVHG IURP 6LJPD $OGULFK
DQG XVHG ZLWKRXW IXUWKGHY Q& LOLFDWLRQ 7KF
VSHFWUD ZHUH UHFRUGHG RQ D %YUXNHU $YDQFH
RSHUDWLQJ DW URRP WHPSHUDWXUH 7KH PDVV V
ZHUH UHFRUGHG RQ D :DWHUV ;HYR * ;6 47R) PDV
SKRWROXPLQHVFHQFH VSHFWUD DQG OLIHWLPF
SHUIRUPHG XVLQJ D +RULED ))OXRURORJ VSHFV
7&63& VHW XS PRGHO )/ & 3KRVSKRUHVFHQ
FRPSRXQGV 2&6 WR 2&6 ZHUH UHFRUGHG XVL(
[HOQRQ ODPS ZLWK HDFK SXOVH KDYLQJ D IXOO0 ZL
(FWHM) of 3 us. Samples were excited with pulsed light and the
HPLWWHG SKRVSKRUHVFHQFH ZDV PHDVXUHG ZL
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between 50 ps and 10 s and an open window between pulse and
GHWHFWRU 7KH VLQJOH FU\2W® R &G D\ GLITUDFW
DQ@QR&B®6 ZHUH FROOHFWHG RQ %UXNHU ' 9HQWXUl
DWWDFKHG ZLWK 3+2721 ,, GHWHFWRU ZLWK &026
IRU &6 DQ@&6 ZHUH FROOHFWHG RQ D %UXNHU
(FR GLINI/UDFWRPHWHU ZLWK 3+2721 ,,, GHWHFW
FROOHFWLRQV ZHUH FRQGXFWHG DW URRP WHP!
UDGLDWLRQ RSHUDWHG DW N9 DQG P$

6\QWKHVLY DQG &KDUDFWHUL]DWLRQ
*HQHUDO PHWKRG IRU WKH VIQWKHVLV
6\QWKHVLY RI RUWKR DON\OR[\ VXEVWLWXWHG K

2UWRBRBNR[\ VXEVWLWXWHG EHQ]DOGHK\GH GHULYDWI
DGRSWLQJ WKH SUHYLRXVO\ UHSRYWHECGNISURFHGXUH
R K\GUR[\EHQ]DOGHK\Gi&?2 PFPFHRROD .DQG
FRUUHVSRQGLQJ EURPR DONDQP. LQPBRO ZDV VWLI
XQGHU DQ LQHUW DWPRVSKHUH IRU KRXUV 7KH LU
HYDSRUDWHG DQG WKH RUJDQLF SKDVH ZDV H[WUDFYV

ZLWK ZDWHU [ PO 7KH RUJDQLF SKDVH LQ DOO W
OH OR
OHC\© K:COs Kl OHC R=-CoHs
+ R-Br > “CaHy
DMF, A “CsH
-CeHu3
-C1oHa1

6FKHPH5RXWH WR WKRUMWBERNBORILY ERHQ]DOGHK\GHYV
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FKURPDWRJUDSKHG RYHU VLOLFD JHO XVLQJ HWK\O

REWDLQ WERRP®MIJEW DV RLO\ OLTXLGV 7KH SURC(

FKDUDFWHUWL [IHOG RQ&EGADS5 VSHFEFWURVFEFRS\

HWKR[\EHQ]DQGBK\GH+ 105

0+] &0
SSP V. o+ - G] + - P+
— P + - T +] + - W +] +&
105 0+] &'&0O SSP
EXWR[\EHQ]DOGIHIK GH+ 105 0+] &'&O0
SSP v o+ - GG +] 4+ P+
P + - W +] + P + P
+ -W +] +& 105 0+] &'&D SSP
SHQW\OR[\ EHQfRBGBK\GH 105 0+]
&' & Pé(ppm) 10.52 (s, 1H), 7.82 (dd, - +] + P
+ P + - W+ ] + P
P+ - W +] +& 105 0+] &'&O
SSP
KH[\OR[\ EHQ]BXOCBBG&\GH 105 0+] &'&O
d SSP vV o+ P+ P+ P+ I
+ W- + +] P + - W] +

P+ -W +#] & 105 0+] &'&O
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0 SSP

GHF\OR[\ EHQ]DLOH®HK\GH 105 0+] &'&0
d(ppm) 10.52 (s, 1H), 7.83 (dd, - ]+ P4
B P - W +] o+ - P+ -

P+ - P+ - P +& 105  0+]
&'&05 SSP

6\QWKHVLV RI WKH R DON\ODWHG GLF\DQRGLVYV

$O00 WKH DONR[\ GHULYDWLYHV RI WKH GLF\DQRC
VIQWKHVL]HG IROORZLQJ .QRHYBRWHKHO FRQGI
SKHQ\OHQHGLDFHWRQLWULOH DQG WKH FRUUHVSRQ
6FKHPH $ON\OR[\ EHQ]DOGHK\GH PPRO ZDV VW
DQ RYHQ GULHG URXQG ERWWRP IODVN DQG GLVVRC
WKLV VROXWLRQ SKHQ\OHQHVWX2DFHWRQLWULOH
PPRO ZHUH DGGHG 7KH UHDFWLRQ PC[WXUH ZDV VW
XQGHU DQ LQHUW DWPRVSKHUH 7KH UHDFWLRQ PL[V

or ¢ RO
OHC ‘BUOK
©+8§ o Y
EtOH
’ CN
CN
OR
6FKHPH 6\QWKHWLF URXWH WR = = SKHQ\O|

DONR[\SKHQ\O b5AHMU DRMW WYUH D H
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ZDVKHG ZLWK H[FHVV HWKDQRO DQG UHSUHFLSLWDYV
VROXWLRQ XVLQJ H[FHVV PHWKDQRO [ PO 7K}
UHFU\WWDOOLVHG IURP YDULRX2M&6VRIDNHQWYV 7KH
FU\WWDOOL]HG IURP GLRK6RDRB&GNKIHUH ZKLOH
FU\WWDOOL]JHG IURP HWK\O DFR&OWADWH[DQH PL[W
FU\WWDOOL]HG IURP HW&E\X@DFHFWDWH GRLPHG [URP
WROXHQH $00 RI WKH GLF\DQRGLVW\U\OEHQ]HQ
FKDUDFWH UL JIHG X\VURDH & 105 +506 DQG

VLQJOH FU\WWDO ; UD\ GLIIUDFWLRQ 7DEOH

2&6 <LHOG + 105 0+] &"YGpm)8.19 (dd, -
+] + V + V + - P + w
+] + - G +] + - T +] + - W
+] +& 105 0+] &"&Q@ppm) 157.48, 138.05,

+506 (6, FDOFXODWHQA 2RU &

JRXQG >0 +@
2&6 <LHOG + 105 0+] &"Opm)8.20(dd, -
+] + V + V + - P + W

+] + - G +] + - W +] + P +

- P+ - W +] +& 105 0+]
&' & ®d (ppm) 157.62,137.90, 135.35, 132.28, 128.48, 126.51, 122.90,

+506

(6, FDOFXODWH@ IRU & JRXQG >0 +@
2&6 <LHOG + 105 0+] &"o@pm) 8.20 (dd, -

+] + \Y + V + - P + W
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+] + - G +] + - W +] + P
+ - P+ - W +] +& 105 0+]
&' & Pd(ppm) 157.64, 137.92, 135.37, 132.28, 128.48, 126.50, 122.92,

+506 (6,FDOFXODWHIG2IRU & JRXQG
>0 + @

2&6 <LHOG + 105 0+] &'&3ppm) 8.21 (dd, -
+] + V + V + - P + W
+] + - G +] + - W +] + —
P + - T +] + - P + - P
+ & 105 0+] &"Y&pm) 157.63, 137.91, 135.36,

+506 (6,FDOFXODWHG IRU

& + 12 JRXQG >0 +@
2&86 <LHOG + 105 0+] &")@pm)8.20 (dd, -
+] + V + Vv + - P +
+] + - G +] + - W +] + -
P + - P + - P + - P
+ & 105 0+] &"&@pm) 157.62, 137.88, 135.34,
+506

(6, FDOFXODWH® IRU & )RXQG >0 +@
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SHVXOWY DQG 'LVFXVVLRQ

6ROXWLRQ VWDWH SKRWRSK\VLFDO SURSHUWLHV

7R H[SORUH WKH SKRWRSK\WLFDO EHKDYLRX
DEVRUSWLRQ VSHRWE& DWERE P RAHHUHAHX OHV¥Y¥RUGHG
I[URP WKHLU UHVSHFWLYH GLOXWH VROXWLRQV L
OH7+) $O00 WKH FRPSRXQGV VKRZHG FRPSDUL
IHDWXUHYVY ZLWK WKH DEVRUSWLRQ PD[LPD FHQWH

VKRXOGHU SHDN DW QP )LJIXUH 7KH GLC
2&6 WX&6 LQ OH7+) ZLWK DQ RSWLFDO GHQVLW\
H[FLWHG DW QP DQG SKRWROXPLQHVFHQFH VS

JLIXUH 7KH 89 9LVLEOH2¥6 HWIRRLED LRJ
OH7+) [ PRO /
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URRP WHPSHUDWXUH DQG . )LI&K®H 7KH V!
UHFRUGHG DW URRP WHPSHUDWXUH VKRZHG WZR
DW QP DQG QP )LIXUH D 7KH EDQGV DW
QP FRUUHVSRQG WR IOXRUHVFHQFH HPLVVLRQ
PROHFXOHVY 7KH SKRWROXPLQHYEBBHQRH VSHFWUXPF
OH7+) DW . VKRZHG D GLVWLQFW EDQG VW
PD[LPXP DW QP 7R H[SORUH WKH SRVVLELOLW\
HPLVVLRZZ6LEZLWK WZLVWHG PROHFXODU JHRPE
SKRWROXPLQHVFHQFH VSHFWUXP ZDV UHFRUGHG
ZLWK D GHOD\ RI PV )LJIJXUH UHG FXUYH
VSHFWWXP QP VKRZHG D UHGVKLIW RI QP LQ FI
WR WKH SKRWROXPLQHVFHQFH VSHEWUD UHFRUG
7KH HPLVVLRQ 2@$SHPRRB RIHFRUGHG DW URRP
WHPSHUDWXUH . DQG . ZLWK D GHOD\ RI F
EHKDYLRXU DV WKDW REWVHBYHIGIXUWK WKH PROHF
7KH SKRWROXPLQHVFHQFH PD[LPD DQG OLIHWLF
FRPSRXQGV DW GLIIHUHQW FRQGLWLRQV DUH O
SKRWROXPLQHVFHQFH2&6 ADR P H/ROXIH®R QR UQ
OH7+) DW URRP WHPSHUDWXUH LV ILWWHG XVLQ.
ZLWK OLIHWLPBYV iDQG QV 7KH TXDQWXP \LHOG
REWDLQHG IRU R&BH LIFQR /YREOXQ\ARQ LV YHU\ ORZ Z
YDOXH RI JRU WKH RWKHU GHULYDWLYHV WKH
TXDQWXP \LHOG YDOXHV ZHUH QRW REWDLQHG ZL
SRRU HPLVVLR @ KH SKRWKRVOWRRL QHVFHQFH GHFED\ L
IRU FRPSR6Q ®&6 DOVR VKRZHG VLPLODU GHFD\
WKH FR¥B RKRZHYHU ZLWK GLIIHUHQW OLIHWLPH
DQG 7DEOH 7R FRQILUP 2&KHDSKRVSKRUHV
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J)LIXUH 7KH HPLVVLRQ 28%HFVEARDE R R3. 6
G2&6 H2&6 DQG 2&6 LQ OH7+) DW URRP
WHPSHUDWXUH EOXH FXUYH . JUHHQ FXUYH DQ(
PV UHG FXUYH
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LQ OH7+) WKH SKRWROXPLQHVFHQFH GHFD\ Z
D GHOD\ RI PV )LJXUH D 7KH GHFD\ ZDYV
ELHISRQHQWLDO GHFD\7ZLWK PWPBPIG®&LPH YDOXH

PV 7KH UHGVKLIWHG HPLVVLRQ ZLWK D FRC
HOQKDQFHPHQW DW . ZLWK D WLPH GHOD\ RI
SKRVSKRUHVFHQFH $00 RW&EHWREGHULYDWLYHV I
VKRZHG VLPLODU EHRBYLRFEUWEBWY WKMHWIRAH DQG
SKRWROXPLQHVFHQFH VSHFWUD®D&GIHDWXUHYV 7t
VKRZHG D EL HISRQHQWLDO GHFD\ ZLWK D OLIHWL
PV DW . WLPH GHOD\ PV 7KH WUDQVLHQW
2&6 DOVR VKRZHG EL HISRQHQWLDO GHFD\ WLPH
D OLIHWLPH RAV DQG PV 7KH PR&HEHFXOHYV
T PV PV D& 1 PV
PV DZX® = P PV DOVR VKRZHG VLPLOLCL
EHKDYLRXU ZLWK UHG VKLIWHG HPLVVLRQ DQG SK
ZLWK OLIHWLPH LQ WKH UDQJH RI PLOOLVHFRQG\
VWDEOH WULSOHW VWDWH DQG SKRVSKRUHVFH D!

7R UXOH RXW WHKHKGDBSRMY MEUDQWWHRI &7 FKDUL
LQ WKH PROHFXOH WKH SKRW&OXPHWHVFHQFH V
UHFRUGHG IURP VROYHQWYV Rl YDU\LQJ SRODUI
FKORURIRUP DQG DFHWRQLWULOH 7KH IOXRUHVF
VKLIW LQ ZDYHOHQJWK ZLWK LQFUHDVLQJ WKH ¢
LOQGLFDWLQJ WKH DEVHQFH RI &7 VWDWH LQ WKH
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HANXd OHHNTC
NXd HXO3 dNnYidndodd O1 HANXDd 9HN HOHY AW DHISASZI TIAATAH HYXZ HNXC(



6ROLG VWDWH SKRWROXPLQHVFHQFH SURSHUWLF

7R H[SORUH WKH SKRWRSK\VLFDO EHKDYLRXU Rl WKH
WKH 89 YLVLEOH VSHFWUD RI DOO WKH FRPSRXQGYV
WHPSHUDWXUH 7KH 89 YLVLEOH VSHFWUD VKRZHG V
YDU\LQJ DEVRUSWLRQ PD[LPD )LJXUH YLIXUH
VWDWH OXPLQHVFHQFH VSHFWUD Rl DOO WKH FRPSR)
QP 7KH FRPIRBXQ&HB/ 28&6 DQ@PA6 VKRZHG
VLQJOH EDQGHG HPLVVLRQ VSHEFWUD ZLWK YDULRXV |
FRPSRX86G DQR&6 VKRZHG HPLVVLRQ VSHFEWUD ZLWK D
EDQG UHVSHFWLYHO\ DW QP POWKRN\DR[$PRQJI WK
GHULYDWLYHV Rl GLF\RDQ®KGVYNRZHBG BH QHGEMKL IWHG
VSHEFWUXP ZLWK D PD[LPXP FHQWUHG DW QP ZKLC
PD[LPXP2I&U ZDV DW UHODWLYHO\ VKRUWHU ZDYHOH
FHQWUHG DURXQG QP 7KH GLIIHUHQFH LQ OXP]
PD[LPD Rl WKH FRPSRXQGV ZLWK YDU\LQJ DON\O FK
YDULDWLRQ RI WKH PROHFXODU FRQMXJDWLRQ DQG (
VWDWH 7KH TXDQWXP \LHOG RI DOO WKH FRPSRXQGYV
WKH OXPLQHVFHQFH HIILFLHQF\ LQ WKH VROLG VWDV
GHULYDWLYHV Rl GLF\DQRGLVW&B\WVEKRGQHXQH WKH FF
WKH KLJKHVW TXDQWXP \LHOG YDOXH RI 7KLV T
PROHF2€®H LV TXLWH SURPLVLQJ IRU SRVVLEOH R
DSSOLFDWLRQV 7KH R2\&6H W18 UDONWR LWKIR/Z HIGR P
DSSUHFLDEOH TXDQWXP \LHOG YDOXHV ZLWK YDULDYV
7KH ORZHVW TXDQWXP HIILELHQF\ RI DOO WKH GF
286 DQ@&6 ZLWK YDOXHYV DQG UHVSHEWLYHO\
VKRZV WKH SKRWROXPLQHVFHQFH2GBEFWRUHFRUGHG |
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JLIXUH6ROLG VWDWH SKRWROXPLQHMFHQFH VSHFWUI
WZ2R 6

7TDEOH3KRWRSK\VLFDO2& B UDWRHWHUYV R

6DPSOH Xup QP 1) QV O N QV MNuQV

2&6
2&6
2&6
2&6
2&6
2&6
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9%2920Ad 9%®2C9O 9%C9O IWzZIAH HWEIXH YBELHO HA4OHAAHNIXO( HNXCT(



2&6 E\ H[FLWLQJ DW QP $00 WKH WUDQVLHQW GH
ILWWHG ZLWK WULH[SRQHQWLDO GHFD\ ZLWK OLIH\
QDQRVHFRQGVY 7KH REVHUYHG OLIHWLPH YDOXHV F
HPLVVLRQ LQ WKH VROLG VWDWH LV IOXRUHVFHQFH
LQ IOXRUHVFHQFH TXDQWXP \LHOG LQ WKH VROLG VW
IOXRUHVFHQFH OLIHWLPH TXDQWXP \LHOG DQG UD
GHFD\ UDWH FRQVWDQWY ZHUH FDUUWRBEG RXW 7DEOF
DQ®&6 ZKLFK DUH VKRZLQJ KLJKHU TXDQWXP \LHOCG
DQG KDYH KLJKHU UDGLDWLYH GHFD\ FRQVW
UHVSHEWLYHO\ $PRQJ2WEKHKWYRQP RKOLHRXOH V
TXDQWXP \LHOG VKRZHG ORZHU QRQ UDGLDWLYH GHF
LPSO\ WKDW WKH QRQ UDGLDWLYH GHFD\ SDWKZD\V |
28&6 $PRQJ WRHWHMMRR[\ GHULYDWL2BE WKH PROHFXC
DQX%6 VKRZHG ORZHVW TXDQWXP \LHOG YDOXHV VLQ
UDGLDWLYH GHFD\ FRQVWDQW7XBIOKIHNKHU YDQ&HV
RI QRQUDGLDWLYH GHFD\ FRQVWDQWVY Rl WKHVH PRO
GHFD\ SDWKZD\V DUH RSHUDWLQJ LQ WKH VROLG V
RULJLQDWLQJ IURP PROHFXODU SDFNLQJ $FFRUGLQJ
PROHFXODU VWUXFWXUH DQG SDFNLQJ SDUDPHWHU
TXDQWXP HIILFLHQF\ Rl RUJDQLF OXPHQRIKRUHV LQ
LW LV EH H[SHFWHG WKDW WKH YDULDWLRQ LQ TXDQ
28&6 WX&6 FDQ EH GXH WR WKH GLIIHUHQFH LQ PROH
WKH FU\WWDOOLQH VWDWH 7R SUREH WKH YDULDEOH
PROHFXOHV LW LV TXLWH LPSRUWDQW WR H[SORUH
WRKE6 W6 LQ WKH VROLG VWDWH
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6LQJOH FU\VWDO ; UD\ GLITUDFWLRQ VWXGLHV DQ
FRUUHODWLRQ

7TR XQGHUVWDQG WKH UROH RI PROHFXODU VWUXFW X
W K H HPLVVLRQ SURSWHROMOR[RI VXEVWLWXWHG
GLF\DQRGLVW\U\OEHQ]J]HQHV LQ WKH VROLG VWDWH
DQEQDO\VLYV RI VWUXFWXUDO GDWD REWDLQHG IURP VL(
$00 WKH FRPSRXQGV VKRZHG GLIITHUHQW PROHFXOD
LOQWHUPROHFXODU LQWHZDF&NER&W aViXFK DV & +
interactions, accommodating different levels of twist in® EDFN ERQH
FRQVWLWXWLQJ DQ DJJUHJDWH SDLU DV VKRZQ LQ )L.
UROH RI VWUXFWXUH DQG SDFNLQJ RQ LQFUHDVHG TX
WKRHWKEVWLWXWHG GLF\DQRGLVW\U\OEHQ]HQH GHUI
in twist in 1 Eckbones, © 7 overlap and interplanar distance in 2 & 6
WR&6 ZHUH DQDO\|HG ,W LV D IDFW WKDW WKH WZLV
DJJUHIJDWLRQ LQGXFHG HPLVVLRQ FRPSDUHG WR WKF
WKH SODQDU DUFKLWHFWXUHY DUH SURQH WR DJJL
owing to the increased & mwstackingg 7KH FRPSDULVRQ RI PROHFXODU
FRXOG QRW SURYLGH D V\VWHPDWLF LQSXW WR WKH
WKH VROL &SKDWRHAS RLQGLFDWLQJ WKDW LQ DGGLWL
PROHFXODU WZLVW VRPH RWKHU VWUXFWXUDO SDUD
GLFWDWLQJ WKH HP2¥& LWAR & UIRS AMKWMLHY\RWDOOLQH
VWBWPAH RI WKH UHFHQW VWXGLHVY VKRZHG WKDW PR
DJJUHIJDWHG VWDWH DOVR FRQWRLHEPSORW MR/ KHJIK T X
UROH RI PROHFXODU ULJLGLW\ RQ YD&AGLQJ TXDWXP \|
W2R 6 we measuredther RYHUODS R DQG WKH LQWHUSODQ
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J)LIXUH D $JJUHJDWH SDLUV VHHQ LQ VLQJOH FU\VV
2&6 $ VFKHPDWLF UHSUHVHQ@NDWRRRURIDE RVZLVW LC
DQG LQWHUSODQRUWKBRANWDRFHGLE\DQRGLVWI\U\OEHQ]
$ON\O FKDLQV DQG K\GURJHQ DWRPV DUH UHPRYHG |

G EHWZHHQ WKH DJJUHJDWH SDLUV LQ FU\
GLF\DQRGLVW\U\OEHQ]JHQH GHULYDWLYHV )LJIXULF
2&6 WRE&6 showed different extents of 1t RYHUODS DQG
LOQWHUSODQDU VSDFLQJ LQ WKH FU\VWDOV )LJXU
PROHE&X® With amaximum twistinther VA\VWHP °
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ZLWK SHUFHQWDJH RYHUODS RI DQG DQ RS
GLVWDQFH VKRZHG WKH&KLJKHVWDPRDRQAWXP \LHO
DOO WKH PROHFXOHYV 7DEOH OHVSLWH WKH |
° ZLWK W&OWWKH PREGBFXBRRIZHG WKH ORZHVW

TXDQWXP \LHOG DPRQJ DOO WKH PROHFXOHV R.
SHUFHQWDJH RI RYHUODS R DORQJ ZLW
LOWHUSODQDU GLVWDQFH C 7KLV REVHUYDW
LQWHUSODQDU GLVWDQFH UHVXOWY LQ D ORRVHC
UHVXOWLQJ LQ D UHODWLYHO2880QHIUWKHQW RUEL
D QHDUO\ SODQDY JWKPHWRPSRXQG VKRZHG D!
DSSUHFLDEO\ KLIK)TXDQWXRKILHFRGAYVY DWWULEXWH
WR DQ DSSUHFLDEOH SHUFHQWDJH RI RYHUODS F
the molecular twist, improvedt RYHUODS DQG PRGHUDWH LQWI
GLVWDQFH VHHP WR SOD\ DQ LPSRUWDQW UROH L
LQR&6 7KH PROMH&EXKOBIYZBL6 ZLWK D EHWWHU

PROHFXODU WZLVW DQG ULJLG PROHFXODU SDEFN
TXDQWXP HIILFLHQF\ ZKLFK LVt RWWUQBSWHG WR
TKR&6 ZLWK PLQLPXP WZLVW DQJOH DQG LQWHL
VKRZHG D ORZHVW TXDQWXP \LHOG LQGLFDWLC
TXHQFKLQJ LQ WKH FU\VWDOOLQH VWDWH RI WKH
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7TDEOH 3KRWRSK\VLFDO DQG VWUWKWN\WIRO\ SDUDPHW I
VXEVWLWXWHG GLF\DQRGLVW\U\OEHQ]JHQH GHULYDWL

6DPSQ@Hp[ D) 7TZLVW2YHUODBWHUSODQDU
QP DQJOH GLVWDQ|FH c

2&6
2&6

2&6
2&6
2&6
2&6

J)LIXUH $JJUHJDWRS&SD L DWIQQE2 &B D DQG E
2&6 D DQ@&E D DQ&XZ2 &b D DQG E&®DQG
D DQG E $ON\O FKDLQV DQG K\GURJHQ DWRPV DU
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&RQFOXVLRQ

,Q VXPPDU\ D WVHWHANW\RR[\ GLF\DQRGLAMMHNWIH\OEHQ
VIQWKHVVRIGXWLRQ VWDWH DQG VROLG VWDWH OX!|
LQYHVWLIJDWHG $ GHWDLOHG DQDO\WVLV RI SKRWROX
2&6 W26 LQ OH7+) ZzDV FDUULHG RXW DW URRP WHP
ZLWK GHOD\ 7KH OLIHWLPH REWDLQHG IRU DOO WKFE
WHPSHUDWXUH LQGLFDWHG IOXRUHVFHQFH HPLVVLRC
DW . ZLWK D GHOD\ RI PV GHPRQVWUDWHG WK
PROHFXOHYVY LQ VROXWLRQ DW . 7KLV ZRUN VXEVWD
RI LOWUDPROHFXODU PRWLRQ LQ DFKLHYLQJ WKH VW]
HPLVVLRQ 7KH VWXG\ IXUWKHU H[SORUHG WKH YDULI
TXDQWXP HIILFLHQF\ RI WKH PROHFXOHV LQ WKH VRO
interplay between the structural parameters such as twistinn EDFNERQH RYHUO
betweenther V\VWHP RI WKH QHLJKERXULQJ PROHFXOHYV D
EHWZHHQ WKH PROHFXOHYV LQ GHWHUPLQR@®S WKH TXL
WR&6 LQ WKH VREHGDOWDOWRH\ V XERWWIRW.MRLR QR W
GLF\DQRGLVW\U\OEHQ]JHQH LQWURGXFHY PROHFXODU
VWDWH ZKLFK SOD\V D SLYRWDO URORUWXIRRKQRMLQJ
VXEVWLWXWHG GLF\DQRGLVW\U\OEHQ]HQH V\VWHPYV
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SHIHUHQFHYV

% ;X : /L - +H 6 :X 4 =KX = <DQJ < & :X < =K
/X = &KL 6 /LX - ;X D&XGEB 6FL%U\FH
= +H & +H DQG$%6=2PHIDQJ -
< +RQJ - : < /DP DQ&KWP= 6RFQEHY
6 'RQJ = /L DQG3KWL@EKHP % -
< :DQJ ' ;X + *DR < :DQJ ; /LX $ +DQ -& =KDQJ
3K\V &KHP & -
( 8EED < 7DR = <DQJ - =KOKR /&KHEPJ DQAG E -

4LQ = <DQJ < -LDQJ - : < /DP * /LDQJ + 6 .ZF
&KHP ODWHU -
+ : <X - =KL 7 B6KHQ : 'LQJ ; KDQDWHWG &KHP :D
&
6 :X < 'XDQ D@G Y% OAWHU
6 % $QDQWKDUDPDQ - .RKOEUHFKHU * 5DLQz 6 <
0 .RYDOHQNR 5 ) ODKUW ) $ $GHVERLDQG - +HL

7 ( .DLVHU + :DQJ 9 6WHSDQHIIMRZ D&QCHP :*UWKQI

= 4 ;LH % <DQJ ) /L * &KHQJ [/ [/ [/LX * ' <DQJ
+DQLI 6 < /LX ' * OD-D@B KkKHRD6RF -

-=KDQ% ;X - &KHQ 6 0D < 'RQJ / :DQJ % /L [| <
$GY ODWHU -

6 0D < J/LX - =KDQJ % -;X3KDQG&KHRDMHWW

/L < OR =KDQJ 7 =KDQJ : =KDQJ O0- /0DDNMHUG6 ;
&KHP &

D 6 - <RRQ - + .LP . 6 .LP - : &KXQJ % +HLQ!

LP % 'RQQLR $ - $WWLDV $GYLP >OQRFEN6 0D W3-DW N
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E ' =KDQJ < /LX + *DR 4 &KIDWBUDQBHP&K}
& F . $ 1 8SDPDOL / $ (VWUDGD 3
$ .UDXVH DQG ' /® QURRNHUV -
D 7 ,NH\DPD & .DEXWRHOEYG&KHMDWR -

E + *RHUQBIKNV &KHP - F7 ,NH\DPD DQG 7
$]XPL 3K\V &KHP -
+ - LP - *LHUVFKQHODWHY JIKHP &
6 - <RRQ - : &KXQJ - *LHUVFKQHU . 6 .LP 0 *
3DUN$P &KHP 6RF
D - )DQ / /LQ DQG@KV .&KHPJ &KHP 3K\V

E & :DQJ DQBWHUL&KHP )URQW F 6
'XH ; 4LX 4 6XQ D-QGDWHLQEKHP &
D < &DL ; -L < =KDQJ & /LX = =KDQJ < /Y ; 'F
/X ' 2X\DQJ : =KDR QG HIDWH H E / /| %UDV

&KDLWRX 6 $ORwVH & 3K\IVPR DG & KBHU 3 KMW

D = HL = < *X 5 . $UYDSDOO\ < 3 &KHQ 5 1
$ $ <DNRYHQNR ' )HQJ 0 $ 2PDUPDQ@EBHP &REKRX

— E . .RNDGR 5 7DQLIJXFKRWHUG . 6D
&KHP & F 7 +LURVH . +LJDVKLJXFKL DQG

&KHP $VLDQ -
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&KDSWHU

OXOWLVWLPXOL 5SHVSRQVLYH (PLV?
$SSHQGHG &\DQRVW\U\O 7KLRSKF
,VRPHUV ZLWK /LTXLG &U\VWDOO
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$SEVWUDFW

7KH SUHVHQW ZRUN GHVFULEHV WKH V\QWKHVLV Rl WZI
WKLRSKHQH SRVBWLRQE DYBPWKHWLU VWLPXOL UHVSRQV
HPLVVLRQ DQG OLTXLG FU\WWDOOLQH SURSHUWLHV %RW
LQ WKH VROLG VWDWH GXH WR WKH DJJ&BJIJDMBRQ LQGXF}
VKRZHG HPLVVLRQ VZLWFKLQJ XQGHU WKH LQIOXHQFH RI \
GLIIHUHQFH LQ HPLVVLR&6SDRSHIUMAL P RW SSEUBR/FIHIVQ/HH G V[
LV DWWULEXWHG WR WKH IRUPDWLRQ RI WZR GLIIHUHQYV
GLIIUDFWRJUDP VLPXODWHG IURP WKH V&QJDP&BEU\VWDO ;
0 VKRZHG VLPLODU IHDWXUHV LQGLFDWLQJ WKDW WKH PF
D SDFNLQJ VLPLODU WR WKH RQH REVHUYHG LQ WKH VLQ
FKDQJHV LQ IOXRUHVFHQFR6SWVWRKHHW®W LMHN/F KIDRPREIRX®E R F K
DQG PHWKDQRO YDSRXU LQGXFHG UHYHUVLEOH HPLVVLR
VZLWFK&ERIXQBHU WKHUPDO DQG VKHDU VWUHVV ZDV GXH
WUDQVLWLRQ 7KH HPLVVLRQ UH FR Y&BU \X QRHPU WPKHHN KUDRORQ
YDSRXUV ZDV DWWULEXWHG WR WKH UHYHUVLEOH WUDQV|
VLPLODU W&6 SBLEWWQPHOHG DQDO\VLV Rl YDULRXV SKRW
FRPSRXQGV XQGHU GLIIHUHQW VWLPXOL LV UHSRUWHG 1
FRPSRXQGV ZHUH VWXGLHG XVLQJ SRODUL]LQJ RSWLEDO
VFDQQLQJ FDORULPH&SU\DQ®&E& VHKRWHKG WKH IRUPDWLRQ
HQDQWLRWURSLF FKROHVWHULF 1 OLTXLG FU\WWDOOLQ
VWDELOL]JHG GRZQ WR URRP WHPSHUDWXUH LQ D JODVV\ \
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L QWURGXFWLRQ

&\DQRVW\U\OEHQ]JHQHY DUH DQ LPSRUWDQW F(
DJJUHJDWLRQ LQGXFHG HPLVVLRQ6IQBEX P X QMIMSBWR QR
F\ADQRVW\U\O V\VWHPV ZHUH VWXGLHG E\ YDULRXV U}
UROH RI GLYHUVH SDFNLQJ PRGHV @ RQKH RMRWKE
H[SORUDWLRQV 3DUN DQG FRZRUNHUV GHPRQVWUDYV
VZLWFKLQJ LQ DON\OR[\ VXEVWLWXWHG V\PPHWULF
HVWDEOLVKHG WKH FUXFLDO UROH RI PROHFXODU D
UHVSRQYHDGGLWLRQ WKH UHSRUW RQ GLIIHUHQW
GLF\DQRGLVW\U\OEHQ]HQH GHULYDWLYHV UHYHDOHG
LOQWHUDFWLRQ LQ WKI$ VRIGRE W VED WIHQHHPWVIYR RGHP R Q
Rl SRVLWLRQDO LVRPHULVP REWDLQHG E\ VXLWDEO\
VWLOEHQH XQLW LQ DFKLHYLQJ WS QDHERHO W ROH SR 1
GHPRQVWUDWHG WKH SRVLWLRQDO LVRPHULVP PRGLI
FUHDWH PROHFXODU DVVHPEOLHMQ@EKN B RAZILWLFKQPEO H. |
DUH JRRG FDQGLGDWHY IRU VWLPXOL UHVSRQVLYH HF

6FRSH RI WKH SUHVHQW LQYHVWLJDWL

7KH SRVLWLRQDO LVRPHULVP KDV HYROYHG DV DQ LQGL\
ZLWK YDULHG HPLVVLRQV LQ WKH VROLG VWDWH IURP D VI
WZR FKROHVWHUROLEDVM@G FRPISHRXHQ GV FRQWDLQLQJ F\D(
WKLRSKHQH DV IOXRURSKRUH WR H[SORUH WKH UROH R
HPLVVLRQ EHKDYLRXU 7KH SUHVHQW PROHFXODU GHVLJ
FKROHVWHURO PRLHW\ WR WKH F\DQRVW\U\O WKLRSKHQH
VWDELOL]JLQJ OLTXLG FUTXW® GFOLDDWDIIKRDOYHWK OXPLQHVFF
GHPRQVWUDWHG WR EH DQ LGHDO FODVV RI IXQFWLRQD
HOHFWURQLF DQG RSWRBRHEFQIUABDTLKXLGHFYUL\WWHWDOOLQLW\
RU GRSLQJ IOXRUHVFHQW G\HV LQWR WKH PHVRSKDVH KD\
OLTXLG FU\QWIDEG/LWLRQ WR WKH OLTXLG FU\WWDOOLQH S
WR GHPRQVWUDWH WKH PXOWLVWLPXGL D@EWBSPQWBLYH HP
H[SORUHV WKH VWUXFWXUDO RULJLQ RI REVHUYHG VZLWF
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6FKHPH 6WUXFWXUH RI FKROHVWHURO IXQFWLRQDOL]HG
&6 D Q&6

([SHULPHQWDO 6HFWLRQ

6ROYHQWY DQG FKHPLFDOV IRU WKH V\QWKHVLV D
SXUFKDVHG IURP 6LJPD $OGULFK $OID $HVHU 7&, DQG X
7KH+ 105 DQ& 105 VSHFWUD ZHUH REWDLQHG IURP D %UX
VSHFWURPHWHU RSHUDWLQJ DW URRP WHPSHUDWXUH 3|
HISHULPHQWYV ZHUH SHUIRUPHG XVLQJ )OXRURORJ ZLWK
) & 7KH PDVV VSHFWUD RI WKH FRPSRXQGYV ZHUH UHF
47R) PDVV VSHFWURPHWHU 7KH VLQJ&H EZWD\W WRO O HUFIM H3A
RQ %UXNHU ' 9HQWXUH GLIIUDFWRPHWHU DWWDFKHG ZLV
VHQVRU 7KH GDWD FROOHFWLRQ ZDV FRQIGREWB G DW URF
QP UDGLDWLRQ RSHUDWHG DW N9 DQG P$ 7KH SRZ
FROOHFWHG XVLQJ 3%$1DO\WLFDO ; SBHUW 3RZGHU ; UD\ GL

133



6\QWKHVLV RI WHWUDGHFDKN\C
PHWK\OKHSWDQ \O0O + F\FORSHQWD>D@SKHQDQWKUF
SKHQ\OFDUEDPDWH

7KH FRPSRODYGV\QWKHVL]HG IROORZLQJ WRALDHRSKHWYMHG S
DFHWRQLWULOH PPRO LV GLVVROYHG LQ PLQLPXP TXD
WRC LQ DQ LFH EDWK 7KH FKROHVWHURO FKORURIRUPDWH
PLIWXUH IROORZHG PO S\ULGLQH DQG VWLUULQJ ZDV |
PLIWXUH ZDV ZDVKHG ZLWK ZDWHU DQG H[WUDFWHG ZLWK
OD\HUV ZHUH ZDVKHG ZLWK @& LERD YIHRGV GZADLVH € YRDYSHRW D W/ F
UHVLGXH ZDV SXULILHG E\ FROXPQ FKURPDWRJUDSK\ RQ \

DV HOXHQW WR MYVYRDGEGRFRRIBAIGY FU\VWDOOLQH VRC
IRUP HWK\O DFHWDWH 7KH SURGXFM)5ZDQ& KHDYDFWHUL

VSHFWURVFRS\ )LJXUH DQG
<LHOG HNMR (400 MHz, CDCI3) 6 (ppm): \% + P + - W
+] + P + P + P + P + P
P + P + \% + P + P +- \%
+] + - G +] +
& 105 0+] &'&(fpm): 11.87, 18.71, 19.34, 21.04, 22.57, 22.83, 23.02,

*HQHUDO PHWKRG IRU WKH VIQWKHVLV RI WKH FRPSR

7KH FRPSRBEOQWBY&6 ZHUH VIQWKHVL]HG E\ DGRSWLQJ UH:!
LQFRUSRUDWLQJ VXLWDEOH P/HRGIL FIRFFOORIXR)EY 6PRRPH
DQG WKLRSKHQH FDUEDOGHK\GH RU WKLRSKHQH FDUEL

134



CN CN

Pyridine, DCM, 0 °C K©\
—_

NH,

CHO  tByOK, 'BuOH

Bu,NOH

'BuOK, 'BuOH

Bu,NOH
CHO S

CN

6FKHPH6\QWKHWLE&GU RX3BH WR

D PLIW¥W¥2RI PO DQG 7+)°C ¥®X©2.DW PO RI D 0 VROXW
LQ 7+) PPRO I2QG QP@®XRI D 0 VROXWLRQ LQ OH2+

DGGHG $Q RUDQJH SUHFLSLWDWH VWDUWHG WR IRUP LPP
DWC 7KH UHDFWLRQ PL[WXUH ZDV FRROHG WR URRP WHP!
PHWKDQRO PO FRQWDLQ&ZRHF GHRSURINRRQE @¥F SUHFLS
ILOWHUHG DQG ZDVKHG ZLWK PHWKDQRO 7KH FRPSRXQG\
IURP GLFKORURPHWKDQH VROXWLRQV E\ DGGLQJ H[FHVV

FKDUHFWHUDPH@ENS )LIXUH WR DQG PDVV VSHFWUL
&RPSRXQG<&HOG (C3 HNMR (400 MHz, CDCI3) § (ppm): 0.69
V + G + +] G + +] G + +]

P + \% + P + P + P + |

P+ P+ P+ P+ P+ P
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+ P+ -G ++] P+ - GG +1 DQG
+] P +

C NMR (400 MHz, CDCI3) 6 (ppm) 11.87, 18.72, 19.34, 21.05, 22.57, 22.83, 23.84,

+506 (6, P ] FDOF

JRXQG >0 +@
&RPSRXQG<&HOG (C3 H NMR (400 MHz, CDCI3) & (ppm)
V + P + - W] + P + P + P +
P + P + P + P + -P +
+] G- + +] P + P + P + W
+] W-  ++] W + ]

C NMR (400 MHz, CDCI3) 6 (ppm) 11.87, 18.72, 19.34, 21.05, 22.57, 22.83, 23.84,

+506 (6, P ] FDOF
JRXQG >0 +@
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TO0UdMHEAA O\OHMSHO1dAdOo®. OB DOHSSA OdNHMAHOYUM® 1d ANMAHSA SOT +HNXCT(




8T

OdMHEIA O\OHISHOT1dAO®. OBEDOHSSA OdNHMAHOYUMN® 1d ANMAdHSA SOT ® HNXCT(




6¢€T

O%.2d0ANIW4AHSA GOT + HNXC(




ovt

@®.2H40ANMAHSA SO0T ® HNXCT(




174"

O%.2d0ANIW4AHSA GOT + HNXC(
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SHVXOWY DQG 'LVFEXVVLRQ

6ROXWLRQ DQG VROLG VWDWH SKRWRSK\VLFL

7KH DEVRUSWLRQ V S&i6F VDGEB RZ HFRIP SIRMFQRE G H G
IURP WKHLU GLOXWHuYRDA®LRIQW LRHFWUD VKRZI
VLQJOH EDQG FHQWHUHG DW QP DQG QP Ul
7KH 89 YLVLEOH DEVRUSWLRQ VSHFWUD VKF
DEVRUSWLRQ PD[LPXP DWWULEXWHG WR WKH GL
OHQJWK RULJLQDWLQJ IURP SRVLWLRQDO LVRPHU
IOXRUHVFHQFH VSH&EB DOE@| FRPSRXQG

J)LIXUH 89 YLVLEOH DEVREG6WER®H §MN&& K DDRIG
UHG FXUYHuOLQ 7+)
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JLIXUHB6ROXWLRQ VWDWH KBLVEQRB&ESHEWUD R
U HGu QP LQ 7+) —0

UHFRUGHG E\ H[FLWLQJ DW&6 DR ZHKG FROWRIQB
EDQGV FHQWHUHG DW QPUHVS®GIFWRPBO\ DQR D
FRPSDUDEOH HPLVVLRQ VSHFWUXP ZLWK D QHJOLJLE
REVHUYRG IRKH REVHUYHG VKRXOGHUV EHVLGHV V
PD[LPXP LQ WKH HP L&6/ LIRRGV FHRWEHD RWWULEXWHG W
WKH HPLVVLRQ IURP GLIIHUHQW YLEUDWLRQDO OHY}
HPLVVLRQ VSHFWUD UHFRUGH@RMDRBLVWLQH VROLG
E\ HIFLWLQJ DW QP &G KMKRRPMSR PQBLQJOH EDQG
FHQWHUHG DW&6 WVHRZKIGOWZR EDQGYV FHQWHUHG UH\
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J)LJIXUH 6RDLG VWDWH HP&&VERQYHSBGEB UD RI

UHGH| QP [EQ@DQVLHQW GHFD\ RI HPLVVLRQ UHF
& 6 (blue, . 370 nm, A 1p QP DQG &Akd/Mik QH

nm, & Hp QP IURP 7+) VROXWLRQV
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DW QP DQG QP ZLWK EURDG HPLVVLRQ WRZDUG
UHJLRQ 7KH UHG VKLIW LQ WKH&BRD@EG VWDWH HPLV\
LQ FRPSDULVRQ WR WKDW UHFRUGHG IURP WKHLU
DWWULEXWHG WR WKH IRUPDWLRQ RI DJJUHJDWHYV LQ
VROXWLRQ VWDWH HRLOVVDR&H SUR SHHUWDL HY RMNKH
HPLVVLRQ TXDQWXP \LHOG DQG OLIHWLPH ZHUH UHFR
RI FRPSRXQGV LQ 7+) %RWK WKH FRPSRXQGV VKRZHG

7DEOH DQG )LIJXUH E DQG TXDQWXP \LHOG Y
TXDQWXP \LHOG DQG UDGLDW&&HPGHFD\ UDWH FRQVYV
Npu [ QV D& ) N [ QV

UHSUHVHQWY WKH ZHDNO\ HPLVVLYH QDWXUH RI WKH

7TDEOH )OXRUHVFHQFH ZDYHOHQJWK PD[LPXP I10OXRUF
\LHOG DQG DQ DYHUDJH OLIHWLP&G6RIDRAIHUHQW HP
&6 5S5DGLDWLYH DQG QRQOHNBBUBWIDGHF XOWBWWMG NXVLQ.

WKH HT XDy D®)E N dlu 6RO 6ROXWLRQ

3KDVHN QP @) 1) QV. N QV NuQV
&6 [

6RO

&6 [

6RO

&6
&6 0
&6
&6 *
&6 0
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$JIJUHIDWLRQ LQGXFHG HPLVVLRQ LQ &6 DQG &

7R FRUURERUDWH WKH DJJUHJDWLRQ LQGXFHG UHG V
RI&E6 D®HB WKH FRPSRXQGV ZHUH WHVWHG IRU VLPL
WKHLU VROXWLRQ SKDVH E\ PL[LQJ GLIIHUHQW IUDI
VROXWLRQ )LJIXUH D VKR ZS6 WKH RBGWGL RORPSHFW
WKH VROXWLRQV LQ 7+) ZDWHU PL[WXUHV E\ YDU\LQJ
W R W LV QRWHZRUWK\ WKDW WKH VSHFWUDO L
LQFUHDVLQJ WKH ZDWHU IUDFWLRQ XS WR DQG |
HQKDQFHPHQW ZDV POGH LWKVKH BFOWKRIW LQ HPLVV
PD[LPXP RQ LQFUHDVLQJ WKH ZDWHU IUDFWLRQ DER
7KHUH LV DQ HQKDQFHPHQW &6 \RRHLAPUWDMRQLQWH
LQ SRRU VROYHQWYV OLNH ZDWHU $ VLPLODU REVHUY
RI&6 ZLWK D UHG VKLIW LQ HPLVVLRQ PD[LPXP )LJ.
FRPSDULVRQ RI HPLVVLRQ LQWHQVLW\ IRU 7+) VROX)
IUDFWLRQ RI WR SXUH 7+) VROXWLRQ VKRZHG D
HQKDQFHPHQW I&& PRE&ES RMHMSHFWLYHO\ )LIXUH
7KH REVHUYHG LQWHQVLW\ HQKDQFHPHQW DW KLJK
VROYHQWYV OLNH ZDWHU LV GXH WR WKH IRUPDWLRQ
ZKHUH WKLV LV D FOHDU HYLGHQFH RI DJJUHJDWLRQ

$,(( &® DRER®
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JLIXUH (PLVVLRQ VSHMARWWDD R&EEDUHFRUGHG LQ
7+) ZDWHU PL{WXBEHVYDU\LQJ WKH ZRQWHU IUDFWLRQ
QP
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JLIXUH )OXRUHVFHQW LQWHQ¥EWDQ®LEHVSRQVH RI D
WR WKH FKDQJHV RI ZDWHRL[WXEWLRQV LQ 7+) +
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6WLPXOL UHVSRQVLYH HPLVVLRQ LQ &6 DQG &6

7R H[SORUH WKH VWLPXOL UHVRBQEDRWGH HPLVVLR!
&6 WKH SULVWLQH VDPSOHV RI ERWK FRPSRXQG
PXOWLSORMNLYMUIWXOLVKRZYVY WKH HPLVVLRQ VSHFW
IRU WKH &8U IDVDI\GLE@HOW VROL&EA |I&6G OVDPSOH RI

$ VWULNLQJ REVHUYDWLRQ FDQ EH PDGH IURP Wi
VROLGLILHG VDPSOHV UHG EXUYH VKRZ D UHG
FRPSDULVRQ WR WKH HPLVVLRQ IURP WKH SULVW
ZLWK D FRUUHVSRQGLQJ FKDQJH LQ HPLVVLRQ FR
JUHHQ XQGHU QP OLJKW )LJIJXUH D DQG )LJX
VKLIW LQ HPLVVLRQ IURP P HODWWRQEGM HIBEGWRD P
WKH KHDW LQGXFHG SKDVH PRGLILFDWLRQ ZLWHK
DUUDQJHPHQW DV FRBSDWHBGUWMR SBLWKRZHW K H
VWLPXOL UHVSRQVLYH HPLVVLRBR® VZALWFKLQJ LC
FRQW WRBYV W RS RB6QBHVSRQG WR PXOWLSOH VWLP:
DV KPIBMKDQLFDO VWUHVV DQG VROYHQW YDSRXU
RK&6 VKRZHG D VSHFWUXP ZLWK WZR PDMRU EDQ
QP DQG QP EOXH FXUYH ZLWK EOXH HPLVVLR
QP LOOXPLQDWLRQ )LJXUH E ZKLOH WKH V
VKHDU ¥8 UHWKRZHG D UHG VKLIW LQ VSHEWUXP Z
PD[LPXP FHQWHUHG DW QP JUHHQ EXUYH D
HPLVVLRQ FRORXU&& KBIIWRPSREKQWEEURFHVVLQJ
0 VKRZHG D PD[LPXP UHGVKLIW LQ HPLVVLRQ V
DURXQG QP ZLWK EURDG HPLVVLRQ WRZDUGV W
VLGH DORQJ ZLWK D JUHHQ FRORXU HPLVVLRQ FR
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JLIXUH B6WLPXOL UHVSRQVLYH KBBLDREKRQ LQ FRPSRX(

D (PLVVLRQ IURP D &&JLEWKXBHD/P® SHPH\RMLRQ IURP
PHOW VRGBLRISILHBHGE (PLVVLRQ IURP D SULVWLQH \
RI&6 EOXH FXUYH P&BOVE6VROUBGILEGG JURXQG
VDPSCR6 R&6 * JUHHQ DQG HPLVVLRQ IURP VDPSOH R
H[SRVXUH WR PHWKDQRO YDSRXUV F\DQ
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JLIXUH )OXRUHVFHQW PLFURVFRSLF LPDJHV RI G
Rl &6 DQG&& VDPSOHV XQGHU BHIITHUHQW VWLPX
QP

VDPSOH 7KH JUBRBQGVKRPBGHD PHWKDQRO YDSR
LQGXFHG UHFRYHU\ ZLWK HPLVVLRQ FRPSDUDEO
VDPS@&b R)LIXUH E DQG )LIXUH E F\DQ FXU

&RPSDULVRQ RI SKRWRSK\WWLFDO SURSHUWL
SKDVHV RI &6 DQG &6

/KH REVHUYHG VZLWFKDEOH HPLVVLRQ SURSHU
VWLPXOL FDQ EH H[SORUHG E\ DQDO\]LQJ WKH SKRWF
DV HPLVVLRQ OLIHWLPH DQG TXDQWXP \LHOG RI GLI
VKRZV WKH SKRWRSK\VLFDO &6& WDDES WHUS/ RI FRPSRX
WKHLU RWKHU HPLVVLYH SKDVHV IRUPHG E\ DSSO\LQ.
VKHDU VWUHVYV W LV&GRWMWKRAHGKD WKDWSSEBNVUHD YV I
LQ HPLVVLRQ TXDQWXP \LHOG K@ FRREOHLWRIKY WR WK
IOXRUHVFHQFH OLIHWLPH RI ERWK SKDVHV ZDV FRP
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J)LIXUH D &RPSDUDWLYHO\ KLIJIK QRQUDGLDWLYH
QVL& OFDQ EH DWWULEXWHG WR YDULRXV TXHQF

J)LIXUH D 7UDQVLHQW GHED\ RIGHPPLYDVISRIQVWLQH

&6 E OXH QP DQG PHOW VRO LGLUIHHHR VDPSOH
QP E S&d VBoRGH QP PHOW VROLGLILHG VDP.
&6 0 UHGp QP DQG JURKD G VDREHQH

QP
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RSHUDWLQJ LQ WKLV SKDVH ZKLFK LQ WXUQ UHIOHF
TXDQWXP \LHOG )LJXUH E VKRZV WKH WUDQVLHQV
LQ GLIIHUHQW6SKDNHVYBRULRXV&GKUKRYHRBI
DSSUHFLDEOH GLIIHUHQFHV LQ OLIHWLPH DQG TXDQ\
SKD¥HVOD@® *VKRZHG D WZRIROG LQFUHDVH LQ TXD
LQ FRPSD &6V RAD B\CRH 7KH UHQDWIOWHOLXLIKHU N
FRPSDULWRQDWRKMN RDQ&6 *LV UHIOHFWHG LQ WKH
HQKDQFHG TXDQWXP \LHOG REBVKHWK IKRVHWHWIT KH SL
NuYDOXH VKRZHG D ORZHU HPLVVLRQ TXDQWXP \LHO
VSHEFWUD ZLWK HQKDQFHG HPLVVLR®@ TXDQWXP \LHO
DQ&6 * XQGHU DSSOLHG VWLPXOL FDQ EH GXH WR
DPRUSKRXV VWDWHV ZLWK GLIIHUHQW W\SHV RI PRC
YDU\LQJ OHYHOV RI GLSRODU FRXSOLQJ

$QDO\WVLV RI SRZGHU DQG VLQJOH FU\WVWDO ; UD\)

TR XQUDYHO WKH PHFKDQLVP EHKLQG WKH VWLPX
VZLWFKABR DIE® WKH SRZGHU ; UD\ GLITUDFWRJUD|
UHFRUGHG RQ GLEH DH)EHY SKDXYWHW RI D VKRZV
WKH SRZGHU ; UD\ GLIIUDRVRJIUBBVFXHF¥FRUGHG |
&6 0 EOXH FXUYH DQG WKH GLITUDFWRJUDP VLFP
FU\WVWDO ; UD\ GLITUDFWLRQ GDWD EODFN FXUYF
&6 OVKRZHG D GLVVLPLODU GLIIUDFWLRQ SDWWH!
SULV8E.QHOQOGLFDWLQ&GWRD®W6 BRWKPSULVH
GLITHUHQW FU\WWDOOLQH SKDVHV WKHUHE\ UHV X!
HPLVVLRQV 7KH QRWDEOH FKDQJHV LQ GLIIUDFW
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J)LIXUH 3RZGHU ; UD\ GLIITUDFWRJUDP&6RI D SULVWL

EOX6H 0 UHG DQG GLIIUDFWLRQ SDWWHUQ VLPXO
FU\VWDOV ; UD\ GLE&UDEWDRR GEWDBURIVWLQH VDPSOL
&6 EOX&H * JUH&AQ) 0 UHG DQG VRO®XHMQOW UHFRYHUH!
EODFN
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WKH FU\WWDOOL&MH MWEFEXPWIHE RQ WKHUPDO WUHI
UHVXOW&®JI0 ZQWK UHG VKLIWHG HPLVVLRQ G5HPDU
GLIIUDFWRJUDP Rl WKH PHOW VROLGLILHG VDPSOH FC
. UD\ GLIIUDFWRJUDP VLPXODWHG IURP VLQJOH FU\VYV
EODFN FXUYH ZKHUH WKLV LV D FOHDU LQGLFDWLR
DUUDQJHPH QW Q® VLQJIOH&BU\WWDWDH RIE VKRZV

WKH SRZGHU ; UD\ GLIIUDFWRJUDPV &HFRUGHG RQ Gl
7KH SURBWLIQRIZHG D FU\WWDOOLQH QDWXUH DV LQGL
SHDNV SUHVHQW LQ WKH GLIIUDFWRJUDP EOXH FXUY
UHFRUGHG IRWBBVKHIUBRIXOQBXUYH DQ&6PHOW VROLGL
0 UHG FXUYH SKDVHV ZI8UHHI[ISRWMNG HOR P ¥ WKIHQ R O
YDSRXUV VKRZHG WKH UHFRYHU\ Rl SULVWLQH &6
FXUYH DV LQGLFDWHG E\ WKH FRPSDUDEOH GLIIUDF
FRPSDULVRQ Rl SRZGHU ; UD\ GLIIUDFWRJUDPV LW
HPLVVLRQ VZI6WKIQIGHULYKHDU VWUHVY DQG WKHUPDC
DWWULEXWHG WR WKH FU\WWDO WR DPRUSKRXV WU
UHFRYHU\ XQGHU PHWKDQRO YDSRXUV LV GXH WR WK
WUDQVLWLRQ

JLIXUH 257(3 SORW RI WKH DV\PPHWULF XQLW SUHVH
FU\VWDOV WEUKPWKBEWRRIGY DUH GUDZQ DW SUREI
K\GURJHQ DWRPV DUH UHPRYHG IRU FODULW\
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JLIXUH ,QWHUPROHFXODU LQWHUDFWLRQV SUHVHQW I
OD\HUV IRXQG LQ WKKE&FU\VWDO VWUXFWXUH RI

7R VWXG\ WKH VWUXFWXUH DQG PROHFXODU SDF|
VROLG VWDWH VLQJOH FU\VWDO ; UD\ GLIIUDFWLRQ
FU\VWRGVY RDEOH 7KH &R PBHRVOQBNVHG LQ JRRG
TXDOLW\ VLQJOH FU\VWDOV RQ VORZ HYDSRUDWLRQ
WROXHQH ZKLOH WKt FELNGWDROND IUBWARWY RQ TXDOLW)
FU\VWDOV 7KRBHE FROWHWROBVISDFHQUBRXS ZLWK WZR
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7TDEOH&U\VWDOORJUDSKLF DQG VWEBEFWXUH UHILQHP!

(PSLULFDO IRUPXOD & + 1 2 6
JRUPXOD ZHLJKW

THPSHUDWXUH .
:DYHOHQJWK c

&U\WWDO V\VWHP ORQRFOLQLF
6SDFH JURXS 3
8QLW FHOO GLPHQVLRQV D c
o f
E c
B f
F c
Y f
9ROXPH c
'HQVLW\ FDOFXODWHG 0J P
)
&U\VWDO VL]H [ [ PP
7KHWD UDQJH IRU GDWD FROOHFWLRQ W R
,QGH[ UDQJHYV K N
O
5HIOHFWLRQV FROOHFWHG
,QGHSHQGHQW UHIOHFWLRQV >5 LQW
&RPSOHWHQHVV WR WKHWD f
0D[ DQG PLQ WUDQVPLVVLRQ DQG
*RRGQHVV RI ILW RQ )
JLQDO 5 LQGLFHV >,! VLJPD , @ 5 Z5
5 LQGLFHVY DOO GDWD 5 Z5
/IDUJHVW GLII SHDN DQG KROH DQG

&&'& 12
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FRPSOHWH PROHFXOHV LQ WKH DV\PPHWULF XQLW )L
VKRZHG GLIIHUHQW OHYHO WZLVWV LQ WKH F\DQRVW
DQJOH BIQG& 7KH PROHFXOHV SDFN LQ OD\HUV ZLWK
RI K\GURJHQ ERQGLQJ LQWHUDFWLRWQRKRIZY DOWHUQDYV
WKH K\GURJHQ ERQGLQJ LQWHUDFWLRQ LQ RQH RI
PROHFXOHV VKRZ DQ DQWL SDUDOOHGIDUUDQJHPHQW
1 c DQQ@ &+2 c LOQWHUDFWLRQV 7KH VHF
PROHFXODU OD\HU VKRZHG D VLOJQBWHUDFWLRQ
EHWZHHQ WKH PROHFEXOHV )LJXUH &6E 7KH PROHF.
VKRZHG D VOLSSHG DUUDQJHPHQW RI PROHFXOHV D
D[LV

ILTXLG FU\VWDOOLQH SURSHUWLHYV

7TKH PRVW FRPPRQO\ XVHG PHWKRG WR VWXG\ WKI
SURSHUWLHV RI FRPSRXQGV LV WKH SRODUL]JLQJ RS
ZKLFK UHYHDOV WKH FKDUDFWH RGWILF DVCH WH{ WEK BRH \
RI FRPSRX¥QB&®E ZHUH REVHUYHG LQ WKLQ OD\HUV RI
EHWZHHQ WZR JODVV SODWHV $ VWXG\ XVLQJ GLIIHUI
'6& ZDV FRQGXFWHG DV D FRPSOHPHQWDU\ WRRO W
WR NQRZ WKH SUHFLVH WUDQVLWLRQ WHPSHUDWXUL
DVVRFLDWHG ZLWK WKH SKDVH WUDQVLWLRQV %RWK
EH OLTXLG FU\WWDOOLQH SKMHVAKZIDDYO/\QBEDOMLHG L
ERVEKE DQ&6 RYHU D YHU\ ZLGH WHPISHSKKDWNKUH UDQJH

ZDV LGHQWLILHG EDVHG RQ WKH FKDUDFWHULVWLF

FRPSRXQGY 7UDQVLWLRQ WHPSHUDWXUHY DQG SKD\
ERWK FRPSRXQGV DUEBEBXIRFPHL WMKHGPIRJUDPV RI
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JLIXUH'6& WUDRKBY RI)LUVW KHDWLQJ DQG ILUVW FRI
E ILUVW FRROLQJ DQ@&6VHFRQOG VKW BEWDRLQDQIQG ILU
FRROLQJ DQG G ILUVW FRROLQJ DQG VHFRQG KHDW
RIR& PLQXWHYV
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J)LIXUH 6PDOO :DOQDOHLIITUDFWLR&SDY® HUQ RI D

&6 DW GLIITHUHQW WHPSHUDWXUHYV

WKHVH FRPSRXQGYVY LQ WKH ILUVW KHDWLQJ DQG F
DQG FRROLQJ DUH SUHVHQWHG LQ )LJXUH 7KF

ERWK FRPSRXQGV H[KLELWHG FU\WWDO WR FU\V
PHOWLQJ

fDEOH 3KDVH VHTXHQFH DQG WU REW.NWLRLGWHPSHU

IURP '6& WKHUPRJUDPV GXULQJ WKH ILUVW KHDWLQJ
°C PLQ

Compound Phase sequence transition temperature in °C and the
corresponding enthalpies in KJ/ mol [in brackets]; Cr

= Crystal; N* = Chiral Nematic; Iso = isotropic

CS-1 Heating: Cr 189.5 [21. 59] N* 235.9 [0.69] Iso
Cooling: Iso 226.7 [0. 45] N* 73.6 glassy N*

CS-2 Heating: Cr 180.6[23 .1] N* 242.6 [0.53] Iso
Cooling: Iso 223.0 [0. 45] N* 91.2 glassy N*
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WR D PHVRSKDV&6 &RP BERBOWYWE Q JSKHDA/W W/\R

°C 2Q IXUWKHU KHDWLQJ D FKLUDO QHPDWLF WR LVF
DW °€C 2Q FRROLQJ IURP WKHILYRMHRBEES IBKDNWE WK
DW °C FRQILUPLQJ WKH PHVRSKDVH WR EH HQDQWLR)
WKH FRPSRXQG GLG QRW XQGHUJR FU\WVWDOOL]DWL
WHPSHRDWKRIRIOLQJ WR URRP WHPSHUDWXUH QR FK
VWUHDN WH[WXWDH RIZWKXHREVHUYHG +RZHYHU WKH IC
1 SKDVH ZDV DU°HVYWQWEIGFDWLQJ WKH IRUPDWLRQ RI
FKROHVWHULF SKDVH $ VKHDU WHVW DW D WHPSHUD!'
FRQILUPHG WKH JODVV\ QDWXUH RI WKH FKROHVWHU
EURDG SHDN LQ WKH '6& IXUWKHU FRQILUPHG WKLV W
SKDVH WR EH D JODVV\ FKLUDO QHPDWLF HYHQ DW
GLIIWUDFWLRQ PHDVXUHPHQWY ZHUH FDUULHG RXW LQ
DW YDULRXV WHPSHUDWXUHY LQFOXGLQJ URRP WHPE

LOQWHQVLW\ YHUVXV GLISURFVOUIHR REDVDIIOCHHG IURP W

GLIIWUDFWRJUDP LQ W& PWMVRBUDRXY RWHPSHUDWXU
GLVSOD\HG QR ORZHU DQJOH SHDNV LQGLFDWLQJ WK
RU FU\VWDOOLQH SKDVHV ,UUHVSHFWLYH RI WKH UDV
WKH JODVV\ SKDVH ZDV REVHUYHG KHUH +RZHYHU
URRP WHPSHUDWXUH RYHU WLPH OHG WR FU\WWDOO
3;5'" SDWWHUQ RI WKH PHRG®GWOPHRBXHB VIDHES OH RI
FXUYHXV VWDELOL]LQJ WKH KHOLFDO VXSUDPROHEFXC(
DW URRP WHPSHUDWXUH 6XEVHTXHQW KHDWLQJ RI V
1 SKDVH OHG WR KHDW LQGXFHG BOWOWXHYHDWLRQ
SKDVH WUDQVLWLRQV REVHUYHG XQGHU 320 ZHUH D
VFDQVRI WKHIXDAHSOGLPLO®ULWR/ SRVLWLRQDO LVRPF
&6 DOVR H[KLELWHG DQ HQDQWLRWURSLF FKROHVWH
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J)LIXUH 3RODUL]LQJ RSWLFDO SKBWRPLPREURIUDSK RI F
D FKDUDFWHULVWLF RLO\ VWUH®BRNDWB[WEXUH RI WKF
&6 VKRZLQJ JODVVN 1 SKDVH REWDKEBHG DW URRP W
VKRZLQJ FKDUDFWHULVWLF RLO\ VWUBPDK WH[WXUH R
G&6 JODVVN1 SKDVH DW URRP WHPSHUDWXUH IRUPL
WHPSHUDWXUH 2Q WKH ILUV&6 KPMDOWMLQ JIWR FIOH FRP.
SKDVH DW )LJXUH DQms WKHQ WRREBVRWURSLF
WUDQVLWIKR@PRMSEDBHEG WRLGHU IU D IRIZDV
VWDELOL]JHG IRU LWV SRVIEWMLREXRRODLYRAHBEPFWARP SR
LVRWURSLF SKDVH UHMWXOKOAMG MDKD W O D@MLW WRIQ QWA
LQWR D1JCGHKWDOWH MW &RPSRXQ&DV DOVR IRXQG WR
VWDELOL]H FKROHVWHULF PHVRPRUSKLF RUGHU LQ
WHPSHUDWXUH )LJXUH E 2QH QRWDEOH FKDQJH

163



SURSHEB\WR WKOWHRY WKDW WKH IRUPHU FRPSRXQG
HIKLELW DQ\ KHDW LQGXFHG FU\VWDOOL]DWLRQ RI \
KHDWLQJ FRROLQJ F\FOHV 7KH SRVLWLRQDO LVRP
GLITHUHQFH LQ FRQQHFWLYLW\ RI FKROHVWHURO DS
WKLRSKHQH PRLHW\ JLYHV ULVH WR XQPDWFKHG SKR\
VROLG W DDNEBRI7TKH GLVVLPLODU VWLPXOL UHVSRQV
SURSHUWSLHY RRPSD&JAE VWO VERI DWWULEXWHG WR GLII
LQ PROHFXODU VWUXFWXUH DQG S®O®FNARJ 7KH SRRU
PXOWLSOH VWLPXOL FDQ EH DWWULEXWHG WR WK
LQWHUDFWLR&G SDWWHHYQW HQEW [IURP VLQJOH FU\WWDC
DOQDOSVLVQGLFDWHG E\ WKH 320 DQG '6& ERWK PROHI
UHVXOW LQ D FKROHVWHULF 1 JORODAMHWBKDVH DW UF
WKH FU\WWDOOLQH QDWXUH R&EWRHDRHEW FRROHG
DWWULEXWHG WR VORZ UHRUJDQL]DWLRQ RI PROHEF:
JODVV SKDVH WR FU\VWDOOLQH SKDVH XSRQ VWDQGL
WLPH

&RQFOXVLRQV

,Q VXPPDU\ LQ WKLV ZRUN WZR FKROHVWHURO
WKLRSKHQH SRV&& IDRRD T HLWRCWKKMYQH G

WKHLU VWLPXOL UHVSRQVLYH VROLG VWDWH HPL
SURSHUWLHY ZHUH LQYH\&\ L DI&BH GHUKH FRP SR XC
VWURQJO\ HPLVVLYH LQ VROLG VWDWHYV FRPSDUH
VROXWLRQV GXH WR DJJUHJDWLRQ LQGXFHG HPL)
&6 DQ&6 VKRZHG WKHUPDO LQGXFHG FKDQJHV 1
HPLVVLRQV &B DGRIZMIGROHFKDQRIOXRURFKURPLYV
UHYHUVLEOH VZLWFKLQJ RQ H[SRVXUH WR PHWK!
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VWDWH HPLVVLRQ LQ WKH SULWWLQW DQG JURX
DWWULEXWHG WR WKH IRUPDWLRQ RI WZR GLIIH
HYLGHQW IURP SRZGHU ; UD\ GLIIUDFWRJUDPV 7
UD\ GLIIUDFWLRQ GDWD && WXRZHG I RDUEBRXAW D O
K\GURJHQ ERQGLQJ LQWHUDFWLRQV 7KH SRZGH!I
VLPXODWHG IURP WKH VLQJOH FU&BWDO ; UD\ GL
UHVHPEOHG WKH GLIIUDFWRJUDP&KEWDLQHG IRU
LQGLFDWLQJ ERWK VDPSOHV DGRSW D VLPLODU
REVHUYHG VWLPXOL UHVSRQWSGYHKX@®BHWVLRQ VZL
WKHUPDO DQG VKHDU VWUHVV FDQ EH DWWULEKX
DPRUSKRXV WUDQVLWLRQV 5HYHUVLELOLW\ LQ F
VDPSO0&6 RRQ H[SRVXUH WR PHWKDQRO YDSRXUV
WUDQVLWLRQ IURP DPRUSKRXV WR D FU\WWDOOL
&6 7KH FRP&RXWKRZHG GHFUHDVHG TXDQWXP HII
XQGHU WKHUPDO VWLPXOXV ZKLOH DQ LQFUHDYV
REVHUYHRG ZX@EHU WKHUPDO DQG PHFKDQLFDO V
&6 D@® H[KLELWHG DQ HQDQWLRWURSLF OLTXLG
WKDW VWDELOL]JHG DV D JODVV\ FKROHVWHULF
WHPSHUDWXUH 7KH SUHVHQW VWXG\ GHPRQVWUTL
LQ WKH PROHEXODU GHVLJQ E\ EULQJLQJ LQ SRVI
WR VXEWOH FRQWURO RYHU PXOWLVWLPXOL UHVS
VROLG VWDWH DQG OLTXLG FU\WWDOOLQH SURSH
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SHIHUHQFHYV

' '"HYDGLJD DQG BRIW DIOVBWHU -
5 .DQHNR < 6DJDUD 6 .DWDR 1 7DPDRNL &
IDNDRHP (XU -
6 /ILQ . * *XWLHUUH] &XHYDV ; $8KDQJ - *XR D
)XQFW ODWHU

0 ODUWtQH] $EDGtD 5 *LPpfGE)M DDO@®IEU % 5RV

% . $Q 6 . .ZRQ 6 ' -XQJ DEPG &KHKP 3DUN
6RF -
6 - <RRQ DQG GDWHUNG&KHP

* YDQ DQG 6FKDBQI S
& 9 <HODPDJJDG * 6KDQNHU 8 6 +LUHPDWK D
- ODWHU &KHP
1 7DPDRNL < $RNL O ORUL\DRIXIRG 0 .LGRZI
ODWHU -
< :DQJ - 6KL - &KHQ : =KX DIDGNHU%DUDQRI
&KHP & -

=KDR : %L DQG %GYSWDQ@DWHU

+ . %LVR\L DEKGIR BIHY -

0 - *LP 6 7XUODSDWL 6 'HEQDWK 1 9 6 5D
$&6 $SSO ODWHU ,QWHUIDFHV

- BKD + /X 0 =KRX * LD < )DQJ * =KDQJ
<DQJ < 2lQJ (OHFWURQ -

0 7 6LRVW &U\VW -
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=KDQJ 6 ©6X]XNL 6 &KR * :DWDQDEH + <F
6DNXUDL O $RWDQL < 7VXWDRQUPBLZ]DNL 6 ¢

0 .LOQDPL % 5 &UHQVKREKHR®BWHUGHU

/ HQ - 6XQ & /L & =KX ; =KDQJ = :DQJ 4
/Y DQG < £KRQJ &KHP

< 2R\DPD DQG < 6DWHRD &KHP

, 'LHUNHQWXUHV RI OLTRKG :EOW\W DBRD V
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*HQHUDO &RQFOXVLRQ

7KH FKDSWHUV RI WKH WKHVLY GLVFXVV WKH GHVLJQ
SURSHUWLHV RI F\DQRVW\UHQH EDVHG SKRWROXPLQ
VROXWLRQ DQG VROLG VWDWHYV 7KH F\ADQRVW\UHQH |
YDULRXV JURXSV DQG IOH[LEOH DON\O FKDLQV WR
LQGXFHG HPLVVLRQ DQG VWLPXOL UHVSRQVLYH HPLV
UROH RI SRVLWLRQDO LVRPHULVP LQ GHWHUPLQ
SKRWROXPLQHVFHQFH SURSHUWLHV RI GLF\DQRGLVW
H[SORUHG LQ &KDSWHU 7KH SRVLWLRQDO LVRPHUYV
GHULYHV ZHUH REWDLQHG E\ YDU\LQJ WKH SRVLWLRC
WHUPLQDO SKHQ\O ULQJ $ .QRHYHQJHO FRQGHQVDW
RFW\OR[\ EHQ]DOGHK\GH ZLWK SKHQ\OHQH GL
LQ FRUUHVSRQGLQJ &RYVE&BOLBRQEHG $URPWHKVUHH
LVRPHUV VKRZHG $,(( EHKDYLRXU LQ WKH VROLG V)
HPLVVLRQ FRPSDUHG WR WKH VSHFWUD UHFRUGHG IU
VROXWLRQ Rl RSWLRDOWSCROWUWAKLFK/ KM OHVV HPLVYV
LQ WKH VROLG VWDWH VKRZHG D EOXH VKLIWHG HPLV
\LHOG XQGHU DSSOLHG PHRDRRHDOZKWEK KD V7WHK H
KLIJIKHVW QXPEHU RI LQWUDPROHFXODU LQWHUDFWL
VWLPXOSDUBKHRZHG WULFRORXU HPLVVLRQ VZLWFKLQ
VXFK DV KHDW VKHDU VWUHVV DQG GLFKORURPHWKD
UHVSRQVH LQ FRPSRXQG &63 LV DWWULEXWHG FU\VW
DPRUSKRXV WUDQVLWLRQV XQGHU YDULRXV VWLPXOL
FRQWULEXWLRQ RI YDULR X Vplaafity) X¥FW/XUDO IDFWRUV
VIVWHP DQG PROHFXODU SDFNLQJ LQ WKH VROLG V
LQIRUPDWLRQ REWDLQHG IURP VLQJOH FU\WWDO DQG
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,Q VXPPDU\ VLQJOH FRPSRQHQW WULFRORXU HPL)\
PHFKDQRFKURPLF EOXHVKLIW LQ RFW\ORI\

GLF\DQRGLVW\U\OEHQ]HQH SRVLWLRQDO LVRPHUV E\
VWLPXOL VXFK DV SUHVVXUH WHPSHUDWXUH DQG VR

7KH VIQWKHVLYV VWUXFWXUH DQG OXPLQHVFHQF
RRUWXRN\OR[\ VXEVWLWXWHG &6 \DERREG LVW\U\OEHQ]
DUH UHSRUWHG LQ &KDSWHU $00 WKH PROHFX
LQ OH7+)VROXWLRQV DW URRP WHPSHUDWXUH Z
7KH HPLVVLRQ VSHFWUD UHFRUGHG IRU DOO WKH
DW . ZLWK D GHOD\ RI PV VKRZHG UHGVKLIW]I
LQ HDFK FDVH ZLWK OLIHWLPH LQ PLOOL VHF
SKRVSKRUHVFHQFH HPLVVLRQ LQ WKHVH PROHEX
UHVWULFWLRQ RI LQWUDPROHFXODU PRWLRQ LQ
VWDWH LV VXEVWDQWLDWHG LQ WKLV ZRUN 7Kt}
VWXGLHG WKH VWUXFWXUDO IDFWRUV WKDW DIIF
PROHFX®HVWR&6 LQ D VROLG VWDWH 7KH DOI
VXEVWLWXWRRQYRRYLWKRQ RI GLF\DQRGLVW\U\O
LOQWURGXFHY PROHFXODU WZLVW DQG ULJLG SDFN
SOD\V D SLYRWDO UROH LQ DFKLHYLQJ GLF\DQRC
ZLWK KLJK TXDQWXP \LHOGV 7KH SUHVHQW UHS
LPSRUWDQFH RI UHVWULFWLRQ RI LQWHUPROHFXC
VWDEOH WULSOHW VWDWH DQG SRLQWV RXW W
PROHEXODU WZLVW DQG WKH VWUXFWXUDO UL.
HQKDQFHG HPLVVLRQ TXDQWXP \LHOG

$JIJUHIDWLRQ LQGXFHG HPLVVLRQ DQG VWLPXOL
SURSHUWLHV RI WZR FKROHVWHURO DSSHQGHG F\DQF
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LVRPHUV ZHUH H[SORUHG LQ &KDSWHU  %RWK WKH
HPLVVLYH LQ VROLG VWDWHV GXH WKH DJJUHJDW
HQKDQFHPHQW RKHVKRESIBXQEQVLWLYLW\ WR VWLPXC
KHDW VKHDU VWUHVV DQ @&6PHW KHIR/Q W DBHR RO \ 2K R
WKHUPDO VWLPXOL $V HYLGHQW IURP WKH SRZGHU ;
IRUPDWLRQ RI D GLIIHUHQW FU\WWDOOLQH SKDVH
WKHUPRFKURPLF HPLV&8 RQOKEHKDYL®RKXFW\YWDO ; UD!
GLIIUDFWLRQ GDWD R RW DVIQRIGH R Y DRWLR YXAD & VGRR JH Q
ERQGLQJ LQWHUDFWLRQV LQ WKH FU\WWWDOV 7KH SF
VLPXODWHG IURP WKH VLQJOH FU\\\WDO ; UD\ GLIIL
UHVHPEOHG WKH GLIIUDFWRJUDP R&EWDLQHG IRU
LQGLFDWLQJ ERWK VDPSOHYV DGRSW D VLPLODU PROH
VWLPXOL UHVSRQVLYH &P DVMYGERQ WEIHWPOIOQD QG VKHI
VWUHVV FDQ EH DWWULEXWHG WR WKH FU\WWDOOL
5HYHUVLELOLW\ LQ WKH HPLVVLR&®6 RRWKH JURXQG
H[SRVXUH WR PHWKDQRO YDSRXUV LV GXH WR WKH W
D FUIWWWDOOLQH SKR¥H DKH @ RPE ESXQUGRY HGH
GHFUHDVHG TXDQWXP HIILFLHQF\ XQGHU WKHUPDO V\
LQ TXDQWXP \LHOG ZB V XREHW WHKG ZPW® DQG PHFKDQ
VWLPXO86 %DRAGK H[KLELWHG DQ HQDQWLRWURSLF OLT:
SKDVH WKDW VWDELOL]HG DV D JODVV\ FKROHVWH
WHPSHUDWXUH

,Q VXPPDU\ WKH ZRUNV LQ WKH WKHVLV LQYH)
PROHFXODU SDFNLQJ LQ WKH VROG VWDWH HPLVVLRQ
VA\VWHPV IXQFWLRQDOL]J]HG ZLWK IOH[LEOH DON\O P
GLVFXVVHG LQ WKH WKHVLV DUH GHVLJQHG WR GHI
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VWUXFWXUDO IHDWXUHV RI WKH PROHFXOHYV RQ VROL
UHVSRQVLYH VZLWFKLQJ 7KH VWXG\ DOVR SUREHV K
EULQJY DERXW LQFRPSDUDEOH SKRWRSK\VLFDO SURSES
FODVV RI PROHFXOHVY 7KH VWXG\ H[SORUHV ILQH \
FRQWULEXWH WR DJJUHIJDWLRQ LQGXFHG HPLVVLRC
emissionint FRQMXJDWHG V\VWHPV 7KLV LQYHVWLJDWLR
the design and synthesis of novelt FRQMXJDWHG PROHFXODU V\VWH]
DJJUHIJDWLRQ LQGXFHG HPLVVLRQ DQG VWLPXOL UHV
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SHFRPPHQGDWLRQV

&\DQRVW\UHQH EDVHG V\VWHPV DUH NQRZQ IRU \
VWDWH OXPLQHVFHQFH SURSHUWLHY DQG VWLPX
WKH VROLG MWBWWXQLQJ RI WKH HPLVVLRQ SURS
VROLG VWDWH FDQ EH DFKLHYHG E\ FRQWUROOL
RQ F\DQRVW\UHQH FRUH RU PROHFXODU
SKRWROXPLQHVFHQFH SURSHUWLHV RI PRVW R
GHULYDWLYHV DUH KLJKO\ VHQVLWLYH WRZDUGYV
VPDOO GLVWXUEDQFH LQ WKH VWUXFWXUH JLYHV
HPLVVLRQ SURSHDRARXQW IRU WKH VWLPXOL U]
HPLVVLRQ SURSHUWLH\SIDRGHRE B LVOLHF® @ G L& \S/H W WF
LQ FROQMXQFWLRQ ZLWK VWUXFWXUDO YDULDWL
FRQGLWLRQ LV UHOHYDQW
7KH FU\WWDOV &A3BRF &R WHGES WRIKRZHG

WHPSHUDWXUH GHSHQGHQW G\QDPLF HPLVVLRQ VZLV
RI VIVWHPV DUH UDUW LY &[SHFWHEGX WHKDW WKH RE
G\QDPLF HPLVVLRQ VZLWFEXRQILJLQDWHWWDRN WKH
VZLWFKLQJ Rl SODQDULW\ XQGHU WKH LQIOXHQFH RI
WKH WHPSHUDWXUH GHSHQGHQW ; UD\ GLIIUDFWRJU
LQYHVWLIJDWLRQ RI WHPSHUDWXUH GHSHQGHQW HPL\
&63LV SURSRVHG 6LQFH WKH PROHFXOH LV KLJKO\
VWLPXOL D GHWDLOHG VWXG\ UHJDUGLQJ WKH VWUX
KLJKHU WHPSHUDWXUHV LV TXLWH SURPLVLQJ 7KH
HPLVVLRQ DQG UHODWHG VWUXFWXUDO FRQWULEXWL
PHWKRGY VXFK DV WHPSHUDWXUH GHSHQGHQW
VSHFWURVFRS\ WHPSHUDWXUH GHSHQGHQW 5DPDQ °
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WHPSHUDWXUH SRZGHU ; UD\ GLIIUDFWLRQ 7KH W
G\QDPLF HPLVVLRQ VZLWFKLQJ FDQ EH H[SORUHG LQ

6LQFH WKH ERPISRXE@GQVLWLYH WR PHFKDQLFDO V
GHWDLOHG VWXG\ RQ VWUXFWXUDO RULJLQ RI SUHVV.
FDUULHG RXW XVLQJ WKH SUHVVXUH GHSHQGHQW 5DF
VSHFWURVFRS\ 7KH SULVWLQISDD@SULYRWQGE HRUPV
VKRZHG UHODWLYHO\ JRRG TXDQWXP HIILFLHQF\ KH{(
VHQVLQJ DS SXBIBFDW LFRQON@ILVDJIJHG 'HWDLOHG DQDO\
UHODWLRQ UHTXLUHV IXUWKHU H[SORUDWLRQ LQY
PLFURVFRSLF VWXGLHVY FDQ EH FDUULHG RXW

TKRUWXORN\OR[\GLF\DQRGLVW\U\OEHQ]JHQH GHULY|
LG@KDSWNKRZHG D GHSHQGHQFH RQ WKH PROHFXODI
FU\V WD O QAL ReblretidalVdRpMddation to understand the energy
levels in the single molecules and in the crystalline state LV DOVR
UHFRPPHQGHG WR REWDLQ IXUWKHU LQVLIJKWYV LQWR
FRPSRX&BGVD Q&6 GLVFXVVHKOGSWHWKRZHG WKH
IRUPDWLRQ RI JODVV\ FKLUDO QHPDWLF SKDVH DO
SURSHUWLHV KHQFH WKH SUHVHQFH RI FLUFXODU
SURSHUWLHYV FDQ EH HQYLVDJHG 6LQFH WKH PROHF
FKROHVWHURO JURXS LQ WKH VWUXFWXUH D GHWDLC
VROLG VWDWH VROXWLRQ VWDWH LV UHFRPPHQGHG
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SHIHUHQFHYV

)DQJ : =KDR 3 3HL 5 /LX < =KDQJ / .RQJ DQGC
ODWHU &KHP
4 -LDQJ + 5XDQ 7 :DQJ < =KDQJ < 4LX + :DQ.
DQG ; /RAJPXLU -
/| =KX DQG <- =(KIDRHU& &KHP

+ - .LP - *LHUVFKQHUODBNHU 3OKMP &

6 - <RRQ - : &KXQJ - *LHUVFKQHU . 6 .LP O
.LP DQG 6 < $PUBKHP 6RF

% .ZDQ $Q - *LHUVFKQH$FM® QLBKEIP< 5BDUN

$ . 9DVX 0 5DGKDNULVKQD3RQG &KHBQWDK

3 *D\DWKUL 6 .DUWKLNH\DQ O 3DQQLSDUD $ *
ORRQ DQG 6 3&WOQWKRQ@RZWK 'HV-

& $ULYD]KDJDQ 3 ODODNDU 5 -DJDQ ( 3UDVDG
&U\WW (QJ&RPP

7 OXWDL + 6DWRXADDGUH 8§D D/MIU-
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%DVHG RQ WKH 7KHVLYVY ZRUN

1. 1 . 5DP\B )HPLQD 6 6XUHVK '6 ORKDQDNXPEL
.ULVKQDQ DQG 5 7KRPDV 'LF\DQRGLVW\U\OEF
SRVLWLRQDO LVRPHUV D FRPSDUDWLYH VWXG\
UHVSRQVLYH PXOWLFRORXWHDXREBKMPHQFH VZLYV

KWWSV GRL RUJ ‘1 &

21 . 5DP\D3 $WKLUD 0 ODWKHZV DQG 5 7KR
&KROHVWHURO DSSHQGHG F\DQRVW\U\O WKLRSKI
ZLWK PXOWLVWLPXOL UHVSRQVLYH HPLVVLRQ V
FU\WWDOOLQHHZURSBKWRHV
KWWSV GRL RUJ ' 1- -

331 . 5DPYD6 ORKDQDMXPADUADVXEBDPDQLDQ
_.ULVKQDQ DQG 5 7KRPDV $JJUHJDWLRQ LQGXF}t
EHKDYLRXRDORINOR[\ VXEVWLWXWHG F\DQRVW\U
GHULYDWLYHV 0D QXV&KHBMW W X E BL \VWUHRG HDR
-RXUQDO

2WKHU ZRUNYV

4, 3 $WKLUD 5DP\I® 5 6DFKLQ 0 <RRVXI *
*RSDNXPDU DQG, BWUKRPRIDHFXODU &KDUJH 7UDQV
BWLPXOL 5HVSRQVLYH (PLVVLRQ LQ &KROHVW
3KHQRWKLD]LQH &\DQRVW\U\O EDVHG 'RQRU $FI
$FFHSWHREXUQDO RI 3K\WLFDO &KHPLVWU\ $
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