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Structural colour in bird feathers

WKLOVW RXU XQGHUVWDQGLQJ RI FRORXUHG REMHFWV LV GRPLQDWHG E\ WKH UROH RI
SLJPHQWV DQG G\HV, WKH QDWXUDO ZRUOG PDNHV H[WHQVLYH XVH RI
QDQRWHFKQRORJ\ WR \LHOG YLYLG KXHV, RIWHQ ZLWK DGGHG LULGHVFHQFH. TKH
PHFKDQLVPV LQYROYH FRQVWUXFWLYH DQG GHVWUXFWLYH LQWHUIHUHQFH RI OLJKW - WKLV LV
UHIHUUHG WR DV VWUXFWXUDO FRORXU. TKLV LV WKH EHVW ZD\ WR JHW D EULOOLDQW ZKLWH RU
DQ XOWUDEODFN. SWUXFWXUDO FRORXUV FDQ EH SURGXFHG E\ KLJKO\ SHULRGLF SKRWRQLF
FU\VWDOV (DV LQ EXWWHUIO\ ZLQJV), DQG DOVR E\ "DPRUSKRXV, RU TXDVL-RUGHUHG,
GLHOHFWULF QDQRVWUXFWXUHV ZKHUH WKHUH DUH ORFDO FRUUHODWLRQV EXW OLWWOH ORQJ-
UDQJH RUGHU" (DV LQ WKH IHDWKHUV RI VRPH ELUGV).

Nanostructures that produce some birds' brightl\ colored plumage, such as
the blue feathers of the male Eastern Bluebird, have a sponge-like structure.
(PKRWR: KHQ TKRPDV, VRXUFH KHUH)

SRPH IHDWKHU FRORXUV UHVXOW IURP WKH SUHVHQFH RI D VSRQJ\ PDWHULDO ZLWK
QDQR-VL]HG DLU EXEEOHV. IQ WHFKQLFDO ODQJXDJH, WKH YLVXDO HIIHFWV DUH FUHDWHG
E\ "OLJKW VFDWWHULQJ IURP VSRQJ\ EHWD-NHUDWLQ DQG DLU QDQRVWUXFWXUHV ZLWKLQ
WKH PHGXOODU\ FHOOV RI DYLDQ IHDWKHU EDUE UDPL". AQ LQWHUGLVFLSOLQDU\ UHVHDUFK
WHDP KDYH DQDO\VHG WKH IHDWKHUV IURP GLIIHUHQW ELUGV DQG WHVWHG RXW YDULRXV
K\SRWKHVHV IRU WKH IRUPDWLRQ RI FRORXU. TKH\ IDYRXU D SKDVH-VHSDUDWLRQ
PRGHO:

"TKH\ FRPSDUHG WKH QDQRVWUXFWXUHV WR H[DPSOHV RI PDWHULDOV
XQGHUJRLQJ SKDVH VHSDUDWLRQ, LQ ZKLFK PL[WXUHV RI GLIIHUHQW
VXEVWDQFHV EHFRPH XQVWDEOH DQG VHSDUDWH IURP RQH DQRWKHU,
VXFK DV WKH FDUERQ-GLR[LGH EXEEOHV WKDW IRUP ZKHQ WKH WRS LV
SRSSHG RII D EXEEO\ GULQN. TKH\ IRXQG WKDW WKH FRORU-SURGXFLQJ
VWUXFWXUHV LQ IHDWKHUV DSSHDU WR VHOI-DVVHPEOH LQ PXFK WKH VDPH
PDQQHU. BXEEOHV RI ZDWHU IRUP LQ D SURWHLQ-ULFK VRXS LQVLGH WKH
OLYLQJ FHOO DQG DUH UHSODFHG ZLWK DLU DV WKH IHDWKHU JURZV."
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TKH\ LGHQWLILHG WZR GLVWLQFW FODVVHV RI QDQRVWUXFWXUH: FKDQQHO PRUSKRORJLHV
DQG VSKHUH PRUSKRORJLHV. FURP SUHYLRXV ZRUN, WKH\ ILQG WKDW WKHVH
QDQRVWUXFWXUHV DUH XQUHODWHG WR SK\ORJHQ\ DQG WKH\ FRQFOXGH WKDW WKH
"FKDQQHO DQG VSKHUH QDQRVWUXFWXUHV KDYH HYROYHG LQGHSHQGHQWO\ LQ PDQ\
OLQHDJHV RI ELUGV".

IQ RUGHU WR IRUP UHFRJQLVDEOH, UHSURGXFLEOH SOXPDJH SDWWHUQV, LW LV QHFHVVDU\
IRU WKH QDQRVWUXFWXUH GHYHORSPHQW WR EH SUHFLVHO\ FRQWUROOHG GXULQJ IHDWKHU
GHYHORSPHQW. TKLV LV QR PHDQ WDVN. BDVHG RQ WKHLU SKDVH VHSDUDWLRQ PRGHO,
WKH\ DUH DEOH WR VSHOO RXW WKH LPSOLFDWLRQV IRU PDQDJLQJ WKH SURFHVV.

"IQ WKLV PRGHO, ELUGV GHYHORS FRORU SURGXFLQJ QDQRVWUXFWXUHV E\
FRQWUROOLQJ WKH FRPELQHG SURFHVV RI SKDVH VHSDUDWLRQ DQG NLQHWLF
DUUHVW ZLWK WKUHH YDULDEOHV: WKH UDWHV RI EHWD-NHUDWLQ H[SUHVVLRQ,
EHWD-NHUDWLQ SRO\PHUL]DWLRQ, DQG ILODPHQW FURVVOLQNLQJ."

TKHUH DUH WZR SRLQWV ZRUWK\ RI QRWH KHUH. TKH ILUVW FRQFHUQV WKH FRPSOH[LW\ RI
WKH SURFHVV DQG WKH SRWHQWLDO IRU ELRPLPHWLFV. TKH UHVHDUFKHUV VSHDN RI
HOHJDQFH DQG LQWULFDF\. SHOI DVVHPEO\ GRHV RFFXU - EXW RQO\ XQGHU FORVHO\
HQJLQHHUHG FRQGLWLRQV. TKXV, WKH FRQWH[W IRU VHOI-DVVHPEO\ LV LQWHOOLJHQW
GHVLJQ.

"WH KDYH IRXQG WKDW QDWXUH HOHJDQWO\ VHOI DVVHPEOHV LQWULFDWH
RSWLFDO VWUXFWXUHV LQ ELUG IHDWKHUV. WH DUH QRZ PLPLFNLQJ WKLV
DSSURDFK WR PDNH D QHZ JHQHUDWLRQ RI RSWLFDO PDWHULDOV LQ WKH
ODE."

TKH RWKHU SRLQW UHODWHV WR DDUZLQLDQ VWRU\WHOOLQJ UHJDUGLQJ ELUG SOXPDJH
FRORXUV. MDQ\ KDYH VXJJHVWHG WKDW IHDWKHU SOXPDJH FRORXUV DUH SRLQWHUV WR
ILWQHVV - KRZHYHU WKDW LV GHILQHG. TKH QHZ UHVHDUFK HIIHFWLYHO\ GULYHV D ZHGJH
EHWZHHQ DDUZLQLDQ DGDSWDWLRQ WKHRU\ DQG WKH HPSLULFDO GDWD.

"MDQ\ ELRORJLVWV WKLQN WKDW SOXPDJH FRORU FDQ HQFRGH
LQIRUPDWLRQ DERXW TXDOLW\ - EDVLFDOO\, WKDW D EOXHU PDOH LV D EHWWHU
PDWH," VDLG RLFKDUG PUXP, FKDLU RI WKH DHSDUWPHQW RI EFRORJ\
DQG EYROXWLRQDU\ BLRORJ\ DQG RQH RI WKH SDSHU'V DXWKRUV. "SXFK
LQIRUPDWLRQ ZRXOG KDYH WR EH HQFRGHG LQ WKH IHDWKHU DV WKH
EXEEOHV JURZ. I WKLQN RXU K\SRWKHVLV WKDW SKDVH VHSDUDWLRQ LV
LQYROYHG SURYLGHV OHVV RSSRUWXQLW\ IRU HQFRGLQJ LQIRUPDWLRQ DERXW
TXDOLW\ WKDQ PRVW ELRORJLVWV WKRXJKW. AW WKH VDPH WLPH, LW'V
H[FLWLQJ WR WKLQN DERXW RWKHU ZD\V ELUGV PLJKW EH XVLQJ SKDVH
VHSDUDWLRQ."

Self-assembl\ of amorphous biophotonic nanostructures b\ phase
separation
EULF R. DXIUHVQH, HHHVR NRK, VLQRGNXPDU SDUDQDWKDQ, SLPRQ G. J. MRFKULH,
HXL CDR DQG RLFKDUG O. PUXP
Soft Matter, OQOLQH 30 MDUFK 2009, DOI: 10.1039/E902775N

SRPH RI WKH PRVW YLYLG FRORUV LQ WKH DQLPDO NLQJGRP DUH FUHDWHG QRW E\
SLJPHQWV, EXW E\ ZDYHOHQJWK-VHOHFWLYH VFDWWHULQJ RI OLJKW IURP QDQRVWUXFWXUHV.
HHUH ZH LQYHVWLJDWH TXDVL-RUGHUHG QDQRVWUXFWXUHV RI DYLDQ IHDWKHU EDUEV
ZKLFK SURGXFH YLYLG QRQ-LULGHVFHQW FRORUV. TKHVH EHWD-NHUDWLQ DQG DLU
QDQRVWUXFWXUHV DUH IRXQG LQ WZR EDVLF PRUSKRORJLHV: WRUWXRXV FKDQQHOV DQG
DPRUSKRXV SDFNLQJV RI VSKHUHV. EDFK FODVV RI QDQRVWUXFWXUH LV LVRWURSLF DQG
KDV D SURQRXQFHG FKDUDFWHULVWLF OHQJWK VFDOH RI YDULDWLRQ LQ FRPSRVLWLRQ.
TKHVH ORFDO VWUXFWXUDO FRUUHODWLRQV OHDG WR VWURQJ EDFNVFDWWHULQJ RYHU D
QDUURZ UDQJH RI RSWLFDO IUHTXHQFLHV DQG OLWWOH YDULDWLRQ ZLWK DQJOH RI LQFLGHQFH.
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AFFHVV RHVHDUFK NHWZRUN 
DLVFRYHU\ IQVWLWXWH 
EYROXWLRQ NHZV BORJ

EYROXWLRQ KDV EHFRPH D IDYRULWH WRSLF
RI WKH QHZV PHGLD UHFHQWO\, EXW IRU
VRPH UHDVRQ, WKH\ QHYHU VHHP WR JHW
WKH VWRU\ VWUDLJKW. TKH VWDII DW
DLVFRYHU\ IQVWLWXWH'V CHQWHU IRU
SFLHQFH DQG CXOWXUH VWDUWHG WKLV
BORJ WR VHW WKH UHFRUG VWUDLJKW DQG
PDNH VXUH \RX NQHZ "WKH UHVW RI WKH
VWRU\".

IQWHOOLJHQW DHVLJQ NHWZRUN (IDNHW) 
IQWHOOLJHQW DHVLJQ UQGHUJUDGXDWH
RHVHDUFK CHQWHU 
IQWHOOLJHQW RHDVRQLQJ

A EORJJHU IURP NHZ EQJODQG RIIHUV
KLV LQWHOOLJHQW UHDVRQLQJ.

IQWHUQDWLRQDO SRFLHW\ IRU CRPSOH[LW\,
IQIRUPDWLRQ, DQG DHVLJQ (ISCID) 
THOLF TKRXJKWV

WH DUH D JURXS RI LQGLYLGXDOV,
FRPLQJ IURP GLYHUVH EDFNJURXQGV
DQG QRW VSHDNLQJ IRU DQ\
RUJDQL]DWLRQ, ZKR KDYH IRXQG
FRPPRQ JURXQG DURXQG WHOHRORJLFDO
FRQFHSWV, LQFOXGLQJ LQWHOOLJHQW
GHVLJQ. WH WKLQN WKHVH FRQFHSWV
KDYH UHDO SRWHQWLDO WR JHQHUDWH
LQVLJKWV DERXW RXU UHDOLW\ WKDW DUH
EHLQJ GURZQHG RXW E\ SROLWLFDO
DGYRFDF\ IURP ERWK VLGHV. WH KRSH
WKLV EORJ ZLOO SURYLGH D VPDOO YRLFH
WKDW KHOSV UHFWLI\ WKLV VLWXDWLRQ.

TKH DHVLJQ IQIHUHQFH - TKH WULWLQJV
RI WLOOLDP A. DHPEVNL 
TKH IQWHOOLJHQW DHVLJQ DQG EYROXWLRQ
AZDUHQHVV CHQWHU (IDEA) 
ZZZ.WKHPRQNH\WULDO.FRP
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SXFK RSWLFDO SURSHUWLHV SOD\ LPSRUWDQW UROHV LQ VRFLDO DQG VH[XDO
FRPPXQLFDWLRQ. TR EH HIIHFWLYH, ELUGV QHHG WR SUHFLVHO\ FRQWURO WKH
GHYHORSPHQW RI WKHVH QDQRVFDOH VWUXFWXUHV, \HW OLWWOH LV NQRZQ DERXW KRZ
WKH\ JURZ. WH K\SRWKHVL]H WKDW PXOWLSOH OLQHDJHV RI ELUGV KDYH FRQYHUJHQWO\
HYROYHG WR H[SORLW SKDVH VHSDUDWLRQ DQG NLQHWLF DUUHVW WR VHOI-DVVHPEOH
VSRQJ\ FRORU-SURGXFLQJ QDQRVWUXFWXUHV LQ IHDWKHU EDUEV. OEVHUYHG DYLDQ
QDQRVWUXFWXUHV DUH VWULNLQJO\ VLPLODU WR WKRVH VHOI-DVVHPEOHG GXULQJ WKH
SKDVH VHSDUDWLRQ RI IOXLG PL[WXUHV; WKH FKDQQHO DQG VSKHUH PRUSKRORJLHV DUH
FKDUDFWHULVWLF RI SKDVH VHSDUDWLRQ E\ VSLQRGDO GHFRPSRVLWLRQ DQG QXFOHDWLRQ
DQG JURZWK, UHVSHFWLYHO\. TKHVH XQVWDEOH VWUXFWXUHV DUH ORFNHG-LQ E\ WKH
NLQHWLF DUUHVW RI WKH EHWD-NHUDWLQ PDWUL[, OLNHO\ WKURXJK WKH HQWDQJOHPHQW RU
FURVV-OLQNLQJ RI VXSHUPROHFXODU EHWD-NHUDWLQ ILEHUV. UVLQJ WKH SRZHU RI VHOI-
DVVHPEO\, ELUGV FDQ UREXVWO\ UHDOL]H D GLYHUVH UDQJH RI QDQRVFRSLF
PRUSKRORJLHV ZLWK UHODWLYHO\ VPDOO SK\VLFDO DQG FKHPLFDO FKDQJHV GXULQJ
IHDWKHU GHYHORSPHQW.

SHH DOVR:

Bird Feathers Produce Color Through Structure Similar to Beer Foam,
Yale Universit\ Office of Public Affairs (ASULO 2, 2009)

T\OHU, D. Optimal design for brilliant whiteness in a beetle, (ARN
Literature blog, 20 JDQXDU\ 2007)

WHEVLWH GHGLFDWHG WR FRPSDULQJ
VFHQHV IURP WKH "IQKHULW WKH WLQG"
PRYLH ZLWK IDFWXDO LQIRUPDWLRQ IURP
DFWXDO SFRSHV TULDO. VLHZ 37 FOLSV
IURP WKH PRYLH DQG GHFLGH IRU
\RXUVHOI LI WKLV PRYLH LV PRUH IDFW RU
ILFWLRQ.

Links - Of General Interest

A BULHI VLHZ RI TLPH DQG TKRVH TKDW
LLYH TKHUH

DRQ CLFFKHWWL EORJV RQ: CXOWXUH,
MXVLF, FDLWK, IQWHOOLJHQW DHVLJQ,
GXLWDU, AXGLR

A QXLFN GXLGH WR SHTXHQFHG
GHQRPHV 
ARN RHODWHG WHE LLQNV 
CUHDWLRQ/EYROXWLRQ QXRWHV

AXVWUDOLDQ ELRORJLVW SWHSKHQ E.
JRQHV PDLQWDLQV RQH RI WKH EHVW
RULJLQV "TXRWH" GDWDEDVHV DURXQG. HH
LV PHWLFXORXV DERXW DFFXUDF\ DQG
ZRUNLQJ IURP RULJLQDO VRXUFHV.

CUHDWLRQEYROXWLRQDHVLJQ

MRVW JX\V JRLQJ WKURXJK PLGOLIH
FULVLV EX\ D FRQYHUWLEOH. AXVWULDOLDQ
SWHSKHQ E. JRQHV ZHQW EDFN WR
FROOHJH WR JHW D ELRORJ\ GHJUHH DQG
LV QRZ D SURSRQHQW RI ID DQG
FRPPRQ DQFHVWU\.

DDUZLQLDQ FDLU\WDOHV E\ DDYLG SWRYH

CRPSOHWH ]LSSHG GRZQORDGDEOH SGI
FRS\ RI DDYLG SWRYH'V GHYDVWDWLQJ,
DQG \HW KDUG-WR-ILQG, FULWLTXH RI QHR-
DDUZLQLVP HQWLWOHG "DDUZLQLDQ
FDLU\WDOHV"

ID TKH FXWXUH

IQWHOOLJHQW DHVLJQ TKH FXWXUH LV D
PXOWLSOH FRQWULEXWRU ZHEORJ ZKRVH
SDUWLFLSDQWV LQFOXGH WKH QDWLRQ'V
OHDGLQJ GHVLJQ VFLHQWLVWV DQG
WKHRULVWV: ELRFKHPLVW MLFKDHO BHKH,
PDWKHPDWLFLDQ WLOOLDP DHPEVNL,
DVWURQRPHU GXLOOHUPR GRQ]DOH],
SKLORVRSKHUV RI VFLHQFH SWHSKHQ
MH\HU, DQG JD\ RLFKDUGV,
SKLORVRSKHU RI ELRORJ\ PDXO NHOVRQ,
PROHFXODU ELRORJLVW JRQDWKDQ WHOOV,
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DQG VFLHQFH ZULWHU JRQDWKDQ WLWW.
PRVWV ZLOO IRFXV SULPDULO\ RQ WKH
LQWHOOHFWXDO LVVXHV DW VWDNH LQ WKH
GHEDWH RYHU LQWHOOLJHQW GHVLJQ, UDWKHU
WKDQ LWV LPSOLFDWLRQV IRU HGXFDWLRQ RU
SXEOLF SROLF\.

JRKQ MDUN RH\QROGV BORJ

A PKLORVRSKHU'V JRXUQH\: PROLWLFDO
DQG FXOWXUDO UHIOHFWLRQV RI JRKQ MDUN
N. RH\QROGV. DU. RH\QROGV LV
DLUHFWRU RI WKH TRUUH\ HRQRUV
IQVWLWXWH DW
BLROD UQLYHUVLW\.

NASA AVWURQRP\ PLFWXUH RI WKH DD\
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