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Abstract

This special project was aimed to study efficiency of verification of latent
fingerprint from Rhodamine 6G (R6G) and Gold-Palladium nanorods (Au@Pd). The
samples were prepared from solution Rhodamine 6G at concentration of 1.5 x 10 M
and Gold-Palladium nanorods at different concentrations (0.0470 x 10 - 1.6643 x 10™*
M). This work was divided into two different parts. First was to study the contact time
condition of rinsing sample with and without deionized water (DI). Second was to study
the optical properties of prepared sample using spectrometer and microscopy
observations. It was found that image of sample with Rhodamine 6G at concentration
of 1.5 x 10 M and Gold-Palladium nanorods at concentration of 0.1409 x 10 M at 30
minutes without rinsing DI, offered maximum the contrast of gray value. Therefore,
there were appropriate condition for analysis of image contrast of latent fingerprints.
Finally, considering the image from microscope emitted by white light, it offered the

better contrast than green LED.

Keyword : Rhodamine 6G , Gold-Palladium nanorods , Latent fingerprint , Fluorescence
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Usingsesasuedaiauanniy niuldinunn uswlzadldifieasnatsiaiionsnun udan

sanliuvziivuunszay iethlulinssisniivilslaouansiaguit 2.20

//;;\\

e

v o Py
‘/; X \/r’/ g
ot f
o L o v aa & a
E‘U‘Vl 2.20 MINSIEBVAWUNBNVATNI5a8NawUIUD

9) Flduaslasnslduauawad Wumslduatawesilunsnsiavisesaiswe

Tmgiuiavliasng q 160 1y ui nszan wls wanadin wagldl Wusiu wiolideedunisnsis

9

savsasludnwzdu 9 16dn Wy seeyrauuiluenats wiavemiln seumbeudn Wusu e
-’ a4 A4 dax a a o ) % v a g 5
NuATedpIRIsEEnsn mInneSswildlumnmansesuldlaslduasndnilugunsal
o &£ 1y = o o oA Aa = & oA v
IUUTENBUMILKEN 119 viseaseensBunilinumnzan Sezmeunelutiy Wegnnsdu
TusunsgavesnduLasivawIzeseuarsIniusgiirduvat uidedesnin
Wuduawaukazdannlasndnmsvenaisnawesianuasiiinnnnisnszdulaeld
w3nsile Fuliunnyiweriney Sulusguiandusanvmils [Buuvasiniauamdelidnee
& o a et & 4 a Aa¥ o v & - aa
Wunsaslndlavidalueiosdetifhiminu musoldldilunazuonaniuil Undfianie

|

& o a = & o v ) v o & '
ﬂWQLLaQLUuam']')Vla']m'ﬁﬂujaU‘ULU‘ULLaQaWWQ | lﬂ 5 %aﬂmﬂﬂﬂqﬁi‘ULﬂiaQﬂiaﬁLLaﬁ BILLAILLG

Aol v

axgpsdsriinmuminzaniunsnsamsesatsusuuiuiiuas ngiiidnuazsng 9 fulse

uanfagU 2.21

o &
JUN 2.21 mIasradauaeiiiedinIsnslduauaiyed
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2.2 m‘sﬁaauaauasna‘lnmsﬁmuaa
- o v iy - [ £Y3 o @ 1 4; <
ansiiouaimilunisiiesuas Wuinardrdglunisivamuenadunie
L2 -l - 1 L2 - J - 1 .0,

WAIIULEY TiadusnIwaauas Adudszanslunsganfunasgunnliaianseg andudila
u.ashjLﬂuﬁvﬁuﬁaLLaﬂé'amLammgn

221 @siesuaslsmiiu 63 [17,18]

P a a o e o H '
Tsmdlu 63 Wuansdunsenidnvaundunsduinia gnlgaEnandnewine

neiumaluladiinm Tneilassaiadisguil 2.22 uandumnsideniifiauauifnisiFesuas

c»‘fag‘u'?'i 2.23

U 2.22 Tasea¥veslaniiu 63

AMENUR
QG\?‘VI’NLF!:J i C28H31N203CL
waluang : 479.02 g/mol
AU ILUY : 1.26 ¢/cm?
nsazatsluin : 20 ¢/L (25 °C)
01 1
0.09 ‘ -—
ol oo |/ Sae
007 b / \ 1.0 uM
- / o Rhodamine 6G
g . /| in water (1.0
004 ! \
vos /o cmpath)
002 / [' “ TR Emission
awy / i\ \\\ % ———— Absorbance
Y 0 sseass - e
001 ‘l» S E— — ~ - -4
400 450 500 s&0 800 650 700 750 200
Waveiength {(nm)

o Y '
JUN 2.23 aWnasumiganduuaznsulauasvasisaniiy 63
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2.2.2 nalnmsiTasus
o a v - o/ e : T o a Py
WienasFudu |, gnawnludiansavaneifianudutu C fussylufuamidl
ALY L W9t iAIUNTEUIUMALEY 3 NEUIUMSIALA NTEUIUNITNITAANE LAY
1 o v A
NFLUIUNTMIURWAMAZATTUIMINTNTUIAY AIgUT 2.24

JUT 224 uamamsderinuuauiiodudu

1) maganfuusuaznguenlies-uaudsn (Absorption and Bear-Lambert’s law)

nssvIumsTInSinuiawmieinney gnarowludsesaoy losey vieluanaiiog
melusnas viliiesmen loseu visluanadudandsnuiu Sannsanenfiorsanliidy
2 dnwaiz msgandululusyiuezmennarmganiulusdvluanadstuagiusiiavosansi
wasiuindunsiien Smquililunsiansinsgauasvesssazany fie nguenles-uax
1099 (Bear-Lambert’s Law) [19,20] ot

1.1) ngvaudes (Beer's Law)

"dnfufedindudedviinduasvuny (Parallel beam) wia¥edifiaauen

AAULABY (Monochromatic radiation) H1usaeg 19 duatsavarseinideiden
(Homogeneous solution) Aifiszgyevasuasiideskiuiatg (Pathlength) Wiy dns

gandugaazulsiunssiumnanduduaisazany” aaunsi 2.1

Aoxcc (2.1)

e € = anududuresansavaeviesieeng (g/L)
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1.2) nyuasuaulim (Lambert's Law)
o L2 U !J o - o L dd
"duiuaandusidviadwasvuny (Parallel beam) ¥3a5adndAUe17
d' - . . . ] [ 1 a‘ a : P
AAuLAB7 (Monochromatic radiation) N1uf718819MJuaIsaza‘usuALLDLAY?
. e v v Vv o - 2 o
(Homogeneous solution) dlAIandduWnTL TnefiAINIgANTULAEREINTISWUSHUASS

fusepzynavasuasiidosiuiog1s (Pathlength) fyaunsd 2.2
Aocl 22

die | = anumunviernanisweawad (Pathlength) (cm)

1.3) ngmiganduusadefuanii (Beer-Lambert Law )
"dmiuisandusideiadiuasvuiu (Parallel beam) wiassdiiai1menn
AAULA B2 (Monochromatic radiation) K ufaeg19fduarsazaresfiaiioidien
(Homogeneous solution) IngAIN1AANAULANHUSRUASITUAMITNTUYBIENTALAIWID

o ] . o 1 o/ i W ¥ A
#9819 (Concentration) WAYILHLNNUDILAINADINLAIDE1N (Pathlength)' Heaun1sh 2.3

A=alc (2.3)

@ @ = anmmsgandu (L/gcm)

d ) o . d g . -3
JUN 2.25 wansmsdaiundmdenniuludwsdleguduiansganiu

enawiunsruIunsmMauadziamsdenuuadlasuanidaguit 2.25 wad
aududuvasinegraduluai3d (Molarity; molL™) t31Fenaninnisgnaudn diasilues
nMsgandulaswssasazats dududrdumzresszuunisgandunioiiumilaslunes
(Chromophore) All#lumsszylassaiiavasans faunisil 2.4

A= logl—o =-logT
I (2.4)
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Taenluazsisnueai Transmittance Wulasidud (%T) fau

%T = 100< 2.5)
Io
log %T = log IOOIL
0
log %T = 2+ log—
0

A=2-1log%T = ¢lc (2.6)

d £ %3 3 U 1
We € = anudutwduluans (molLY) vesiete
) = -~ [ ) £
€ = AAINvaINsganiuLaeIaTarateidudy 1 mol. L' (molar absorptivity

%38 Molar extinction coefficient sy L.cm™.mol?)

2) mswasuds (Fluorescence)
d' o a & L% Y a ' LY 18
msfiszmouvizedianasougnnsziuliiAnmsidualnondenuililendsnuay
14 ' P A a o & v o o A o
soulutieiozmeuniedianaseutiulafundseny Tasluanavesingugandulnaeuds
'Y ‘ v v ' da o ° ' & & ™ '
Wiugs (rudanilaloan) uazudeslrmouiifinganusm (Sruaneadiu) viendeni
e v 1 ' o b o a -3
MIABNEINUDNNT WaNUdWAIEnA e dundunmSeuiiadulunssuIunmsay
v A & < L v o v a v 1 o/ o
Wy erneuviediinaseulzgandundsnunandanuiidunSuiy Ydesndaundu
@ o A @ a v | a o
senuluguvasasluiuiidielifindanududy mswdwassznganisBeuaseia fing
' a c’f’ v o a = o o o o ¥
Vasmapguaseanuuintwiuiimieluna 10% - 10 Junil uasuwgaiuilidloidnmsnsedu
ANgUN 2.26 [19-21]

& e S ST TTIEETT

3
- Non-radiative
S, 1 transition

o i

Absorption !
Fluorescence
oA
So 2 -
" 3

o
Ground State

o ar s = | ar 19
3N 2.26 szAiunasU Jablonski INBafiumIgandunasmsunssed
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3) MINTIWBMEY (Light scattering)

mM3nszidavauas Wuusngmiseifivasluannsenuiveymefifiandeiinivussuas
A 4 L =2 o L 4 ﬁ' o -
fuwnneinaiu Johbikanszaneeaniilnesey Weuaseglugveamdsnu nsnssifavssuas

v 1

gnindndunmsinmvesiidniuidunsdlasuansiaguii 2.27 (22,23]

= a
JUN 2.27 mInszieveeuas

anwauzn1snsuansesnidu 3 guuuu leun
1. Mpufin13nsuidusdan (Rayleigh scattering) na1al4d Aruduuasi
nsvddlunilampetiinesvesianasdaium 0 1a q fudumasidhuemas Faialunsd
Tnaveseynialuemeiy fiunadnnimuiavesruereduinn Tasdasnsnseida

WHUTHARUAUANNEIAAUAANE Fearunsaedurtlalagaunis 2.7 fail

2
Ig =a [%%] I,(1 + cos?0) (2.7)

g Ig  avudinuasiinszds

Iy  enuduuasiid

a uwinweiiaanuluiduenwus

0  syuiluaud

V  sinmsveseynaivihliiAanmsnsuisweuas

R FEPEMaInInAufLdaueaatieg Adanensnseswouas
A anuemeduuas

Ny avnuvmunwiu@sUiuasveseynialuiinans
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2. Ngunsnszileuuuliy (Mie scattering) 9zifian1snszidauaslanngas
auil edulunsdifieymaiivunalndidswdelngnimevesmussdudiivadnios

3. Ng¥fN13n5L3uuULsUIAdR (Geometric scattering) tAnlunTald
symedivualvginiusvesmuenadu lasfisasnsnsudniulitufuauemady

1 a1 U a o [ 4' a 1 , %
Lm%umL‘l‘jumﬂmmmunﬂmmmmau +381731 non-selective scattering

2.3 aymaunlunasiiafiouunalaiisy (Gold-Palladium nanorods)
aymawilunesiaiouunalafey fdnvauniugeguil 2.28 lasaymaulunes
- a & @ da Yo o ° °o & w1 aaa & v ad a &
wdsuuwaaienil Wunlisalgdmsumsiluvinduiissfiiser vludwdidnnseiind
munas warmsdsunadutundsnueesiManatauey Jadlaunnsunisganduuasi

AUEIAAUAUUTZINM 525 WITUWAT LAYANETIARULIIT 820 - 860 WIluRS [24]

Uil 2.28 aymeunTunasduaiauunaiaifio (Gold-Palladium nanorods)

ANENUR

PIAFUHUAUINAIN X ALY : 25 nm x 75 nm
Wurhugugna, ueveseyma 25 nm, 73 nm
ANVUILUY ’ 1 ¢/ml 25 °C
thwiinnaluiana : 196.97 ¢/mol

2.3.1 1891 (Gold)
M99 (Gold or Au) Fdnvaissialy fie Wuansuviuasslufviazats 1wy
11 ieansialiay q fide19 9 1wy une 19 #1 1Weo WHudu Duansldazanetn (Water
insoluble) warliign@ialn (Non-flammable) iieagluszduuiy Sensiisnwayaudd
wilourunesiialy widleSlvuimdnndt 5 wiluwms eelidnvarautAiurnesINNess

vlUfe dveseynimunluvemesiaziivatsd wu uae M Jen viievma Tasaglivsing
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Wudvesniounasdily Fuandraiuiinannisiufidewesdidnaseuluwaui
Conduction band wasaymeutulaveAuaualnihiinanuasiinnnseny Seidliaans
unsnaanvesdidnasauluiouit Ssnsunsnannili3end Localized surface plasmon
resonance (LSPR) Baiinneliaunasuueuaslugiunuoaiiu uazuadlnd¥edinilona
Tasn1sutdsuasasdsing 4 1 o19tusgfugussveseyniaulunasi msuldmasues
aymaulunesiiifiguiuandrsiusandduguil 2.29 wariidnuarlassarmaaiives

auNAULuNeIAT (Au) [25,26] ﬁ’aguﬁ 2.30

A ' A ! 2 s
JUN 2.29 udnsmsuUdsussrasauniaunlunasdniizusnsuansiei

] 1Y °
3U# 230 dnwnzlassailamaaiivaseynaunlunasdn (Au)

ANAUUA

o : gold

CAS number : 7440-57-5
gnsluana ; Au

dhwiinlinana : 5,000 ¢/mol
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2.3.2 uwataey ( Palladium)
=) =l U al' 1Y L7 L a‘
whalaeuiidnuae Aegun 2.31 dydnuaifie Pd Nlnineiavezneu 46
a o 1 = [ a o ) &, =1 a =]
wazidulanensuddumeineglunguideaduunadity dulumnlaneiiana vty i
auvRmaaiingrstuunanty aunsaadaldanuinaaazinia Tduselovdidusiiga

Ufiseuarlugramnssuaioaneys [27]

JUT 2.31 uwalaiAy ( Palladium)

AMAUUR

RYRET GH] : a6 Dusmdt 3 vesmuit 5 Tumy Vill vesmsass s
vilswassmlunsznaunaiithindulany

vwilnezmey ; 106.4 amu

PVADUMEY/IAFA 1552 °C / 2747 °C

ALY : 12.02 ¢/ cm? # 20 °C

lvendetuaniyy +2.43, +4

2.4 AUUANIIUAIURLTEqUITY

autAvnauanduandfiameivedlany Salaveusavedn svuansautiviquasi
uandnsiuaenly Benusingnisaliiln Usingmsaligasinanatausu

o < a [ aa = & « ' =3
Usingmsaliweiinanaransu iinndunsizervasuasdatuaduustivinini
! = o i ¥ L% o a : ) P \‘l‘

naIAe Weanawmnnsynuilasw@iwwadlarneseavunly Fanistuuinadentuees
Tavzunlunievusesselavzuazaisladidinnsn ieswinuassinaisuenliaunsesiuing
meluveslanzululd uangyihdunsisendulaveasiwuufie n1sganiiu kazn1INTwI uas
] =4 [ Ve @ L ° a ;) o <
fgnaanduszyilididnaseunislulanzazgnnseduludinauit auienisduiiveswionts
& aa aa v ow a o o o cw 1 a
duifinudidefuduiasiiannsenudduiusivarumuiuvesdiinaseu (Electron
density) 1aduivsdiinaseu (Effective electron mass) 111AUINVBINITNTLAWHIVE
Uisq‘hﬂa‘wz (Dipole plasmon resonance) TﬂULLamﬁs‘lgUﬁ 2.32 [28-30]
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JUTl 232 Usngmsaiiwediawatauay

2.5 #wnlnsdines (Spectrometer)

251 awnlnsiimef (Spectrometer) uedesiiatnillifiassinuautfianis
yanasnansazaevisansiaosne nedoaniluldlunsiesigindnmamaaniiasey
silovasasiinnamtuuasiifimuameuarunndnety TneRnisaniiduaunainie
anERTRIMIAAsfUAus ARz A Iy ansodirsieilERRE LS Eun
indagnsadBunsse uazdummidiisusaiiuld [31)

2.5.2 winmainuvesaninsiinas UV-VIS Spectrophotometer 1uip3asile
llumsdiaseiuarasiviausuauas (Radiation) wazArauduues (Intensity) lutha
Sady (drspuemedu 400-800 wiluwims) uazaufetisuasiinaeaiiuld (Visible Light :
viS) Ineinnusnieduuassziauduiusiviiinuuaseiiavesans dealdlunsiasies
a159un3d a1susznouidsdou iearsedunis MiiliAuezlalid avsudazeilaeziinng
gondusedlugueuemaduvies ueuiiuandetusasUTinalunisganduiiivuegy
fumrdvesansiy nispandutasesmsen 1 Judadulasnssfuaududuresas
puaun1svanluiuaudsn Jweunsodnseilalulenunmuandaiuim Tnsfiuunin
uamamsvhnuvesawnnsives [32] fgui 233
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T

D, famp § Tungsten lamp Reference

& Filter

Mirror ]

|
| — i o

Monochromator splitter S

< ° a
JUN 2.33 uwumwuanamavitnuvesaninsiivas

2.5.3 dwusznavvasawninsiined
1. undsriifiauas idesaninsiinesasdadliedlutaemus matuuasii

fimnuduninwesteseiiosuazaeil uardesmddenisidenlivasasuiinuacddl
AN lamue e AR UL Dimnzaudmiumsganduvesiagieiu

2. Monochromator {udauusvnauilimunuuas nsssviliuamedlag
winansuiuladuiadululasudn Juduuauuaway 9 visuasiiamemaiuden

3. wosMldussgansazans (Cell sample) v3e A (Cuvettes)

4. Detector ¥imhifannuidumessdiignanndulasnisudamdenundy

o o F v oW Ao v I
saﬁtﬂuwamulwﬁmiawsaWuacyzmmwﬂmawamwhqa

2.6 wssmeluluana [33,34)

Iﬂﬂ%‘lﬂﬁssumﬁwaamswlﬁag’athqéaiz wivzgagswiudunguiouvesezney
Fendtlana Wewnilussdamindetwiedoniwussad lunsuenluanavesansesn
nnfudsedlindsnudunuiaielidansaaesndusnidvesey Tagawviifinsaing
WuspvdoussBamiler nauauiivestedon AiaugAseldendusmdu 4 Weswnd
madniFesdiinaseulursuengalu 8 mungosnian (sniu He iy 2) dawalilaseadne
sxmenvesiwdesiafios findsnush st1sngﬁ'l,um'sa%'wﬁuswmsmﬁu 9 Fawgeudl
didnmseuuengainileuthaideniieWerneuiimuaiosian ussawiend 2 Ussaw

1. ussamileasznindluana easiinnisidsuuasesdedindanusiuau

14 ;

< a a4y a - v
vilsdiniaUdsunlaiisnedaldun yaifien yavasuman vieaufounds Tasaiuise

o

° [ o .::’
uUNDaNUU 3 YA A9l
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1) wssasumeu (Lifit) Ao wsssswirsluanaiilaiidadety Wuussseriedauuy
wileath (Induced dipole) wiadauuuinsm (Temporary fluctuation dipole) Tmaqaﬁﬁﬂ
Futushoussdodifigaien uarqavany e Suietulumnly waresdadiuiy
MaIaluaNavaEns

2) usasgstwinedn Ae usaliiarinmsnserhsewhduanauuuiithdatlalnauuy
0173 (Permanent dipole) Wuussdsgamslnihduideananusinsyyisenindavaniudi
avvasluanafiith dmduussiiifnandaomsisgeiuessmishvanuavdaay

o

3) Wustlalasiau WuussBawmiprszuinluanaiifilelassuernenadrafuseiu
avmeuduiiien EN e (F, O, N) Wustlalasiauilusunnniusssenineth denalvansits
wusglalasiauiiyaifieauavyavasumaigeninni ?z‘}aﬁwmwﬁ'\ﬁ’tuﬁ’wmumiﬁﬁﬁﬁ’mmaa
Aafilaindunsduiusewindianavesusiuuaznsfudgiures DNA uaz RNA

2. wssBawnilsanieluluans szmenvasIniiussBawmiisewinesnoululuians
Fundh Wusziail nisileshiluanamaniaaesesnduesneiededlindrnusuiu
wils wiseenidu 3 il fio

1) Wustlane (Wssdsgaszwinlessuvinfuniaudddinasew) usiinozaeulanyly
mefulusdn (szwinsermauiitien EN i) Inseudtidnnseuradlanziadouitluludisng 9
Idededaszuardidnnseudassyihmihiiugeiaedeavesevaeuding 4 Wakeiu lnoms
indouiidaszvssddnasaurililanvarunseisqlvitlaa s1zBiinaseuiigniAuidiun
Tulawzanunsoluaangavilaludagale 9 Ioghadase danfu vniluiamdnuasiimsselniin
dhityalagavilsweswiandn denaduviedutadnlavounianinieedonls

2) ¥ustleselin (Lsshsgaszwinlossuvindulesouav) usdamilsaszwinlossy
winuazlesuay WuiussiAetuszminasiaiidien EN sty uraeinusefiaganialaii
wunsdugiussuuulessiiniiintusznivesmenveslaneiuerneuvaselans Tnsoznoy
lanelvididinaseuunaznoruaselavy

3) Wustlaniaud (ussigasawididnaseuiiveitutuiandea) wiaszwinegn
fifien EN IndiAseiu ezmeniiiiniiuszasldiauddidnaseusudulumsiiaiussyinld
ety aunsousgeseentuld 3 wuy musnuguesesmeniiuviui Idur 1 ¢ 2 ¢

U 1

' ° ¥ ] ] a } 4 1o ¥ o L !
uaz 3 g laevhbismelavzhiaunsoegifuezneniellé wisnludesiusgiuiueg

e g a o

3 - % o o - ' ' Y '
venialilluluanafiiadios Inedudsgdidnaseussnirtafuannminls Aasdefiaauen

L4
=3

WUSLUDHAY WATINSIUYDINUSZUNTY
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2.7 52uud RGB [35,36]
a [ & a % 1 1 i3 - e a
2UUA RGB 1UUSTUUAVDILAY FUAAIINAITHNIAYDILAINIULYIILMIUSTUTELAR
aal ' v o ]
waudniFendn @31 (Spectrum) Fawsndmuiarsniueaiuld 7 @ Ao une uan wides 1Won
g - 1 d L2 o H ) A H =4
YIIU AT 1N mtﬂuwaaa'\uaq"lugﬂ%aasaﬁ Aflpduiaemaunsous iyl lnsuasd
NavuAnen wasd 3 d Ao dums (Red) #u3u (Blue) wazdiliyn (Green) yanuddaiduus
dveias Woriuaiesiunuasyiliied vy FeazuanawaoenuluzuLuuNITFULAILAL
wUanaiudsing q lugunseididnnsetindsne 9 iielildnmildsuaninavutiseudaiiny
aunuLarindiAsanuENa s wawiuUn® wuRsdtuawIvenwsT 1ae RGB wuaiunsa
= - 1 ’l; 1 - v = £ 2 L% J ) - L7 J
waRINISLaBNERIe q lasaus 2 fis 16 a1l laensdnsiadussusazuid svliaswausay
] d' v LY ¢ K% - = | 24 L2 1 c‘ '
wid Ferpaluduavgiu 16 Falidaan 0 fs 9 uaz A Ba F Tngagld 2 dseviausid vou 3 &
Wiy 6 A9nws aenagud A25890 Ae WuARlmAunavindu A2, Amadisaviniu 58 uay
Fdduiny 9D Tasilnmuanswiuwmisusiazisiduaznisiiadeing 4 diguil 2.34 uszaw
o o o
wanssviadvessyuy RGB Aagui 2.35

20

A o ' ) » a 1]
JUM 234 uaasduvisudazuiduazmsiageng q

FFFFFF FFFFCC | FFFF66 g
CCFFFF CCFFCC S

JUil 2.35 uamesviaduasszuu RGB
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2.8 STAUNAINIUYDIDLADY

pzmouannsagandundanunnuaduduntuwimdninihuaianesusonu
Amilwwasmsgandundumaudnly WessaougnnseduliRanisaandundsnmudluagyili
araouiindsnnunieluiigedy wasdanisiisseiundinuesezmenainuaundealy
anugiy (Ground state or E;) Tudwaundenuluaaiugnszdu (Exited state or E;) il
emouimdanuiiganniusyhlierneuuifanulindesednsuanldesndanunie
mendsniluguvesnduwimdnlnihviouss dwsuansiagui 2.36

E) L
A\ ehy NS hy
Ey E,

o s s
U’U‘Vl 236 WAMIIZAUNANIUYDIDEANAY

- ) 1% - v sw o
mﬂmiulatmuﬂaaizﬂuwaww’ﬂwﬂ’rmﬁuwuﬁmaumsw 2.8

AE = EZ = E1 = hl9 (2.8)
M V=91 wzv =2
hc
AB = v (2.9)
Fatuagliin
AE « —
A
dia AE  anuusnsinsseiundaany

1 d v &
ANAINUDINGIA 6.626 x 1034 )5
AUDVDILE

AIISIVBILAS 3.0 X 108 m/s

-

ANMULTIAAULAY
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av o o 'Y
2.9 URNINIVBY
arsfafiowlsdinnunislundngrunisneninlunisfigaddmuniundniis
Wemans lngmilvariieg 3 gUuuuiineenuluilifamguazannsadunald o1t seunn
a1 v & L a4 & o ¥ o [z ' o & v
souvidausurseaneiiilawrs Tneanstihilauwkslianunsadunaldmennlawasdndunas
el @ d' A. a o 124 ::l <
PIEMsluNsNRNBRuUsEaNS Awlunisasannanetindiaurls
Tl af. 1900 weallamsaraeunwansihilewhuwvunafuvsewmeatianslanagy
dwmdulamsihiiedunsmamansiiiiewddasnislsuns ndanfedlowneudmiula

aihiloasvuiuiangeinisnsnaey nuavdafafuindiu levsetandu q fulegly
L o da [ & A A o & X a & a & & a o« %Y !
wuniinsdudaainiatiedufatiusesindietu wallauuviiluinalafignldiuetia
wwsviane lasgntiinsldgaaaeialenanvatsgnskarusiavgnsusenausneddmsy
wenaMauanasuay agiiluersdmiunisiafafitvews SensdidnnaneSengnsiivauins
ameindloudsuandeiuly Tnevialumsildlunmsmsisaeunmansinded] 4 Ussiamiifiaa
Teulglaun aaund, naudoauas, walave uasnuneslu lusiindidiuufinisldnadu nsly
Ninhydrin msldlelafuuaznisud Sitver nitrate SulumatinfifiosinnlddwmSumsdmun
ot v 2 )
awigewisulusgaun
a U a " e - ' < v 4 a 1 [

waliasufuwmailivsedvinmidusgranndmiuiuivaneyssnn egralsfin
aa i ‘:“, i - = ﬂ.’ d -
Winariinlilduseansamaneluusasiaiignldlunsasiihiie veraduiivuazens
nalvifindunTedeguainmeiagmindadiomani Jainsnerewdnduldgasnini q

0w o a a4 e v o ) ' PY o wa val
AINIUNTARIUTATINATIHUIUBVIYDULITUN 1TV lﬂLﬂuwwLLagﬂﬂmauUmLﬂuaqlﬂaﬂ

v
= [ % & o=

st uaztiningenansidmensezulsnszuaumsifegdmiuaianwaneifiaus
vienmilgeutiu

Tu¥ a.A. 2002 A. M. Dyer uazame liAnwFoe msdsiudugdumaaynlaaldlela
gugnslmi: msAnnudsuiiovdniaesiassnitgasiugureslaleufuoynauily
veslalngiu wuheymanlureslalasmliaansaduuszavsamnsgaduvadlalagly
asazanevionauuaraslalaoulugnsfifiussansnmnniigadmiunisdiudugdu
NNIYNYBaLNe [37]

Tu¥ a6, 2007 N. UL islam wazanie 1iinisfnmwades nsifiudszandam
aeiiaflefiiivenmanslagly Bioithesive chitosan uaveynauTunes wudvadealvsl
dwiunmsiiiuyseavsnwessmsldiifiofiusadiae Lipophilic natural polymer & Iiur 1a
Tnuitasiaeyniauluneslifusesiafouduilefunuaudaveuas msdnwins
iauc?\’wmaqmﬂuﬂuwmﬁunﬁmnﬁwwaa‘lmﬁ’uﬁmumsm‘%’ﬂuéhEJ Lipophilic chitosan 1u
FiomnzauiigauaziauuandetnsenBoudmivlalasy 1% Tasldialunsinm

a o o ced s i o e P o
U 30 ‘U'WlLlﬁzwwuqaqiagaqﬂwaqﬂ']ﬂaaﬁ@ﬁﬂwmﬁuﬁaﬁlwawwu’] FTHYLIAT6 O T °U')T,3N
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AnuuanAnefildSuTuuansdunuagiinistifleniafiffieslfdmiumsfgaida

'
o s

maliineeans Mdvihmiluiemessafeiiutunalnuesnsfiausavdamuaznsiiia
UssdvBnmsisluiieansrvailumsinwiiteildmuaudaiian [38]

Tud A 2007 M. Trapecar uazan Idmndunisiensiedeumamasiifieuds
Fetinen uagss Dactyloscopic Suannsalflunisasaeunmansihfieudsuufimiioves
aywoldviol Tneluanddeilldne 4 wiia luniswasedléun Magnetic jet black, Magnetic
silver, Silver special, Swedish black Iaadinsldifiu 2 nszurun1sAe Cyanocacrylate fuming
(CA) uaz Ruthenium tetroxide (RTX) dafin1snsrsseuuuiuiolnslduamisiifig Tne
dnmimavesmeiisflefnnnnglundsainuariuly 15w wdenfivhmsasieasy
AuAdiEin uarddliifin Tnentsmnasmuiinisldue Magnetic black waz Swedish black
Tumsasvasuamansiflewhidaauiigaiuiiuiavesdadldn dwnsudshifiasn dlold
78113 Cyanoacrylate fuming (CA) ‘lumsmmaauwi’mwﬁqﬂ d7u35n15 Ruthenium
tetroxide (RTX) Tun1514ws Swedish black uaz Magnetic jet black ful¥inaifigafy
AdlsiFAauiu [39)

T A.e. 2011 R K. Garg wazaqie Winwmswannismsasasunmansinglouns
vuiuiavesTansie 4 lumstiadunsiaeiinstmi 4 laeldaramennsviedtllumania
and TngdmiumAdeiinsldfmavemsuusegndlddu msfannamaneiiaflousesnn
mislrsuiuuuiuiaiuansieiu 9 mIansasuasiaflewdiitioguuituilasldng
whszauanuduie mavsvdumswsuiisurnauansnsvesiufaneiled wandfishy

v QY da A a o v o ad o 'y & o cJ
']Jlu‘lﬂw’ﬁ‘/lﬂﬂ')']UuWUN'J'VIﬂﬁJ"ﬁﬂﬂUVI'ﬂU 1 MNTId DU NMSNAILININAIBUNDUHINUFAIVY

)

e

UHT 1TU NTEATYITIUMT, NTTATBWUSTURT, nTemuanuiey, uiula, agiiillyuend,

e

a

wuialdl, udumatadin, wanvnd warfadureswiudnidoufidmiudoundy annse
Uszauarudifeuaziituduinmeiidelddaey mqnaﬁm%’uﬁﬂﬁummsﬂﬁﬂﬁmimum
aunsagnimuslalasmsasieiuselalasiousswitnsalediwnSiweiuvedluiu nduaiue
flauazngulensondaluasussnovriiuduremniiu awudsenansaimnnainnaeiivuy
murestiuiunsuuwiawazansalddmiunsssydnulunsdluenislasnisulédndae
uazbildvhaneteyaiiflegluiuuazannsiiesliveluldsn [40,41]

Tud A 2013 A M. Issa wazaniz Iivhasfinwifesmafussavsnmasiiafie
wuuuialngldlasndiwelsdlalngru Fanasld Tpp-chitosan TunisituAudaiaues
mm‘};ﬁauuuLLcJaehwaé’ws"lﬁLﬁuaeim‘fﬂmuaemﬁﬂaﬁwﬁtgmné’mﬂdw Tpp-Chitosan #i
wanze Tpp : lalnsudigamailunisifiuine, anadudu, imaluanauavsedums
T2, Uszquarsyiu Deacetylation (DD) vadlalnguazfinwddguensnienaduly
Wizateymeanunalilasiflasasennmeihiielunszuiunis 2 Suneu athalsinude
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[ a 1ol et (9 & ac to (Y a a a
Wueilaludnfidnenmluniswaunduismsinddnsuiudssdndamnisasiadeu
aeiiadie [42]
Tl A.e. 2014 R. K. Garg uazaniy laAnwufmfuawansihiiouds fimsvaassly
-t 1 o v ‘:' - 5 c‘l’d (] 1 o et ()
a1siafinedng 9 welviiunmanefizlowds InemsAnviaseiiliassdiu drunniis Waun
arsfiafleuraviniufiodan 20 vile Tnelduduudunidmenistaduns dwuftaes finw
Reulvergmsldnuresyududuniuazsnsssum iahundisudisudsednsnmiy
Tngrausngindeldyuuusirmiamiuifiarudaeuanniu dnsmasedudiiiiling
Fonldiulavesian 4 wuu Tdun nszmunrsuaudinidu ulunaafin nsvaud uarliidn
P & - o o
5 4 gamsvaaes ewlsunsfinnamasifiowsdadiuim 40 Yu Tagldiaan 10 u ly
Y - o 'Y - 1 -4
msindsuuazUiuupnmatsiiieliiianudanumniigaluudazganismaaes Felums
v et A P ) a edo pu} o o v o
naapsrldivyaraifiviiessnunn q elildnwiuindniauiian wazdadinslyiuyana
4‘ a‘ ddy L4 ¥ o G‘\’ a‘v 1 1 ] 5 1
nimsesantaslaslunsdilavaasldivsasameiiiiefidilmiegiviniu mnnsmansamuiing
YuBuualinaidasuun Semnsaiudunuavisdnvasninatslifieldedndaauly
#ufveeTanv 14 wida 910 20 viis daduSannsaagulian Yudwudvaansadiluly
lunrsesiagaumsesuialatunisfuarunislidinendians waguenatnUgInuI1ves
«l « Vi o o 4 a_ o & 1Y) ' v
Yuduudemldladfgaduiuiidunszaivarsueu Tnswlinaasdnly 40 Su Sapaiiu
] a:’ <l 1 23 1 (Y] d 1 ° 3/
Jassesatsiiiialdssiniaudwarnmsssuaildanunsanseyinle [43]



unN 3

ASN19ALEUIIUAY

iomluuniavesunsimdnnisvauresiangunsaiuavarsiall msdnszuunis
aapsiisadasfunAferainszrumslumseioiaeifedmiunsmesouasns
wisnasazanedfieuivoyneuilunesiiadeussunaiaiion Tneiliowmandsi

3.1 JangunIniuazasiall

3.2 nawdtaaeiidie

3.3 nswssulsandiu 63 (R6G) way Lsaniiu 63dvaymaurlunsssnadousiy

uwalauies (R6G + Au@Pd) Tuguvasansazany
3.4 MsUwhetNLYaTaYaY

3.5 NSYARBILAYITUUNISNNABINNLITRINUNLITY

3.1 qegunsaluazasiadl
3.1.1 Jangunal
1. wissmuninsfines 8% Avantes (Spectrometer AvaSpec-EDU) vt inuSana
Y | A ao = ) P
waswayANILES Tutnuenpfuidmuafie 200-1100 WIluNT WEAIAIIUR 3.1

U 3.1 w3aaaUnlnslias AvaSpec-EDU §%a Avantes

v

2. s USB vimthilldeusiaseninaadesanlnsfimes (Spectrometer Avaspec-EDU) T

fuaTpsneuiimes lasuanasagui 3.2
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3U#l 3.2 sneidousta USB

3. d@udulouiiniuas anelwiveseaufnyimihiiiasduuady 2 aum

3.1 wilouiniuasuun 0.8 faduns Yinasnuuassudaues fagud 3.3

U 33 duloudaniussuunn 0.8 fiaduwns

3.2 w@ulsumviuas um 600 Lulaswns viuiniiuasluduasesaunlasiiwes

(Spectrometer AvaSpec-EDU) Tﬂt!uamﬁ'agﬂ'ﬁ 34

Ui 3.4 dilsufniuaseuin 600 lulasiuns
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=2 =& o

4. gunsalfudadaian (Cuvette holder) vimthdudafnineldlunmisinanaiunis

ganfulaLarnsiUduawaEsarats lassunilagnasintuanglwiuesesudnuuia
P U = a L4 v : { ' W L3 o

600 lulasuns MideuseiursasaUnlnsiives uardnimmiateuseduaglmueioaydn

a A ' 1 1 o @ o i
1A 0.8 fiatiuns Nrvsgfiuwvaaiiliauas lnsuansisgun 3.5

ol v a
JUN 3.5 gunsnidaduAaim

5. gunsafideudalalemudsuss vinihildeudelalonduas Tnsduniassediiy

L4 o d ° ' ° [ v g =~
mebiesesuiniednasnlaleandwuasiuiinsiassuuianisiiesuas fagun 3.6

3UTl 3.6 quasaiideusialaloniuduas

6. lalamudauas (Light emitting diode: LED) lalamanasdifisavimiiinssdy
asazanelsmiiu 63 TiiAensiieauadlneazgnaiaidrfugunsalidensie LED lasuansdagy

= = @ - = - o i
Y1 3.7 UaUnasuUaNIItInILasiniINg1IAay 530 uﬂummmgﬂﬁ 3.8
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3Ui 3.7 lelenwsauas (LED) ifiva anuenandu 530 nm
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450 500 550 600 650 |

Wavelength (nm) {

L
| L FAR FA SRR LEEE . 8 M N

7Uil 3.8 iUnafumaFeuasvaslalonidsuas (LED) il

J o - o E‘ ° ¥ e‘ 1 o - d‘ 4 8/

7. uwnasniiauasvinvasalwvisdienuine SCHOTT viwthiduwndetdovasdenouls
v o a d‘ 4' v § o 1 = ° ¥ o 1 4 ' =
nuasninsilaaIesielmadasitnunaudsyuin 15 wii vialivaaalnyiayldoge
Uszdvgnm lneiigudiegnuniosuansiagui 3.9 fanesudnisdeuaswaunasiuia

wasanvaealivisaaussgUi 3.10

d 4 ° a b A ¥
UM 3.9 uvdsiullaudsnnvaanlwisawu B%e SCHOTT
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Intensity (A.U.)

:

:

5

:

:

(=]

350

450

550

650
Wavelength (nm)

750 850 950

A 4 i’ 1 0° = o
3U# 3.10 awneiudanisiTesussvaunasindauainnvasnlwisany

8. wiunausunszanaladdmivia imihiinwuunszandlad lnsuansaguil 3.11

d ] 1) v W
JU# 3.11 winnwurunszanalagdmiuin

9. guninifubameuinuleas (Condenser clamp) l¥5uiuiuiiedulia LED Tnsuans

flaguil 3.12

Ui 3.12 qunsaiduBanaumuiai (Condenser clamp)



38

10. doudnans (Spatula) TédmiusnaisTsmitu 63 luguvesvasudae) ilerludily

\A3DIYIENT InBuanIRagun 3.13

U 3.13 Hausinans (Spatula)

a4 o v » o v o -
11. 1A39999as (Balance) lHlumstsanslildmnaSinaisieams lnsuansiagui 3.14

g‘d’v"l 3.14 \A3asdsans (Balance)

L3 v v o - o oan 4 o
12. vaufa WWugunsaifilddmivussgansazarsvuin 10 fiaddns laeidUanetasiu

MITUNGVBIETALAILBINIINYIA IABLANIRIZUR 3.15
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d o aa
JU# 3.15 vrmuiqvun 10 finddns

13. lulasUiund (Micropipette) ¥niiiiinUsuinsvasarsazatefildlunisnaassdedl
msiuggalaeiining 2 auin uanedagui 3.16

(n)

()

U 3.16 (M lulasindvuaanug 1 Saddas
() lulastiundounaanug 100 lulashng
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14. lulasUndiiu (Micropipette tip) 'l'ﬁs"mﬁ'uluTﬁiﬂLﬂmdtﬁaﬁﬂﬁmmmQﬂaﬁazaw
Wazannimanwunatusgiulilastiunididontd Tnouansiegud 3.17

e e i e S Y e

(n) &

(v)
U317 () lalastinddudmiu 1 fndans
(@) lulasUwndivdwsu 100 lulasans

I

15. @ (Cuvette) Auavmanadin fuuinnine 1.0 wufwns 813 1.0 wuAng g 4.0
a 5y v 4 o ) =
wuies Wugunseliiliussgasazaeiiievhnismases Tnouanafsgui 3.18

r,
g
[euit
&

2t

WAFEY / b

allge

%

i laignsal
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U 3.18 Am (Cuvette)

16. nszanalad nsyanalandvie Sail brand YuIANIe 25.4 Tadwns 813 76.2 Jadluns
a = o ¥ J o U QU [} di 1 [ d'
w1 1 fiadwnes imthiidmsunehegaieldlunsaie;y lnswansiagun 3.19

U7 3.19 nszandlad

17. Uninas (Beaker) gunsaldmsuussyasazate tvuin 50 Naddns uay 250 fadans

Taouanafaguil 3.20

()

o



42

o emiofon
&

()
o o a aa
3U# 3.20 (n) Uninasuuna 50 Niaddns
(v) Uninafuuin 250 finddas

= Y a 3 - o a v o &
18. ATasdanT leiin (Ultrasonic cleaner) insasdansalefin 14vinauazengunsal

MINARBHEATUANILA InBuanIfagun 3.21

i}

d d o o o
jU# 3.21 a3edanslelin (Ultrasonic cleaner)

19. nszmwidnaud (Delicate task wipers) fi%e KIMTECH SCIENCE KIMWIPES delicate
task wipers Mivianuazatnnsyanalad Insuansdaguil 3.22
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§1Jﬁ 3.22 nszamwdaaud (Delicate task wipers)

20. wiun12 8o 3M fvueauning 18 fadwns vinuidvsudnasnaleiiiile las
uanaRagui 3.23

JU#t 3.23 wUn1a Bvie 3m

21. gnduwda 1 Alandu dwiuimuaussiinssyimaussivaaslanuansisgui 3.24

U 3.24 gnduana 1 Alanu
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22. navsgansIAduarndasRineauauuay vimihiidesmaudaisuresnmatsiiile
wazNaBIa 1w Canon DS126491 vimmtinfitudinamateiade e ludwsievinanie

ABNTIADT nBuansdagun 3.25

3U 3.25 ndasqanssmiBia Nikon ECLIPSE E200 #afundasdisnin Canon
DS126491

3.1.2 @iy
1. Tsmndiu 63 (R6G) Tnsuansdisgud 3.26 \umsdaduiililunisne ddnwaudusd

:,' - Qe o ct" [ A v&’ a e K 1
Wna Tpuauiinimiim 3.1 faluasdenala®ouain uism Sigma aledrich

(n) )
U 326 (n) Tsmilu 63

(@) Tassadramaniivaslsmniiu 63



|
M31A 3.1 AruanTAveslsaniiu 63

45

gnslaseasnamaail CagH3N,05CL
AUNUILUY 1.26 ¢/cm?
wnaluana 479.02 g/mol
nsavaEIn 20 g/\ (25°C)
ANuIRAUTIgANAuLASE AR 525 nm
mma'nﬂé‘uﬁtﬁmnmﬂémaaﬁaaqm 555 nm

2. aynraurlunasdafiaudlsunatatiissu (Palladium coated Gold nanorods :
Au@Pd) Wuamsiwiuiildlunsfine Tasuanisguil 3.27 uavilanantAnamisei 3.2

(n)

()
o ° a v o
3U# 3.27 (n) aynmaunlunasfuadaudisunaiafion

(¥) nmwdgvasaymAulunasAIAiaufsuNalaRBl

o Qs o -
AN 3.2 ﬂmﬁlﬂ]ﬂﬂaﬂauﬂ'\ﬂ‘wﬂuﬂa\iﬂqLﬂﬁﬂUﬁ?UuwaLa Lﬁﬂu

TUINVBIBYNA 96 £ 6 nm
wiueAugna 40 +3 nm
vmiinanalinans 196.97 ¢/mol
MIRANFUGIAR 520 nm




3. WUaenUszuiaun DI (Deionized water) Ao 1niikun1sindalosausng 4 sanluvin
v5 a Ld ™ 7 - S gy v o v o
Wlshsavsiunaanindeusifiansle 4 vaundosgluhdnldilusvhezaneldivansls

anilu 63 lnsuanadisgui 3.28

DI

4. azdlau (Acetone) \huamsniinlilumsvhanuazengunsainmsvaassmsinenmans

3Uil 3.28 1h DI (Deionized water)
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ety 1wy nszanalas aui Wudu e jusegrsuazlasiadnuanasiagy

3.29 uavlanInmEuURRInNT1N 3.3

HaC

CHj

3U#t 3.29 (n) edlay

(v)

(@) TassaFramuaiivesazdlau

&

2.

1



] wa
M319% 3.3 AuauUAvededlau

goslassasramandl CsHgO

YIANADUVIAY -94.9 °C, 178 K, -139 °F
ANURUILUY 0.79 g/cm?

aluana 58.08 g mol™*

qALeen 56.53 °C, 330 K, 134 °F

5. wwmues Wuasieditlilunisimiuazeingunsainisnaasminermanisinan

138N 1y nszanalan wnwdd Wud Taeguiiethauarlasadauandieguil 3.30 uaz

uanAmEURAINIIN 3.4

Ethand

CaMv

(m)

UM 330 (n) lewuen

o
A1919% 3.4 qmaw“ﬁﬂaemmuaa

(@) Taseasramaniivasioniuea

goslassasramandl CsHeO

wialuana 58.08 g mol™!
AMUNUILUY 0.79 g/cm?
YAVIADUNE? -94.9 °C, 178 K, -139 °F

ALFen

56.53 °C, 330 K, 134 °F
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6. ¥y Ba TEEPOOL PURE lvharuazenngunsainases Tnuuamedaguil 331

3Uil 3.31 thendemuika TEEPOL PURE

= A’l <
3.2 NMswIBaANeRIND
1. wisnusualaddmivansiregiiarsiiafie dukualadludraiend el
avern Nnluuderdlauuazienuen layruuinseusiesdansleliansguil 3.32 Wuna

28798 10 W AuaIRu

d . L) d o “@a
JUT 3.32 muduriudladluniasdanitleiina
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2. annusualanlyuie wazihundalasldnsyarvdnsudanszanlvazeraiiie

wisildlunsmeaes Aagui 3.33

A . d o
JUN 3.33 uiudladnwiasiluldan

3. wisumuavie 3M Yu1aruNI1e 1.8 lwuRuns 817 10 lwuAeg damy
nkaziulvidlduduldlaedaguil 3.34 Taesyiandnniivesenaeravitliiuviniw

aeihilefanguls

] a3 o a &L
JUM 3.34 munaiwSsuiunwaneiagiousds
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4. rindieguinalumhaiinnusiy ntuihihiienuumdnisuesenlilee

1 v
Ld aled ©

Lisaseanusila q wiauduihgndundumin 1 Alandu Newivielaegniuavesnuss

q

nsvyihatiafiesisuseuszuna 10 Sy Galihwindulumunguewsdiuaistan fisld

Wunm 20 Tudt iniwhilafiesenadddinunniigniuareiiiiouds degui 3.35

JUN 3.35 usnavumangniunaeiialioud

5. wuanunmnfuvatetdileudieenu 2 du Wetiluvinisneassudaisazane

Tutunousiely dguit 3.36

o ' = a &
JU# 3.36 wansmsudanunangniuateiingioudanlu 2 duwu



3.3 N5LATEN R6G Uae R6G + Au@Pd Tujuvesdisazaiy

3.3.1 Jaguazguninilunisnaaes

1. lsendiu 63

N

AU 96 + 6 UNULIAT

© N oA W

aeRlnu
OYNUDA

LATDINNTIANS

Fousinans wariuns
. dnaenayszy (D)

PN aLHIUATLIA 10 Nadans

3.3.2 fumsulunanisudsazane

1. nswsulsnniiu 63 lugUvesansazae

AMNNAERN TUINNINN 1 URKIRT 817 1 WURLAS

aymAwIlunasdAdaUMBL ALY JalivwinreuduiiAgudnald 40 + 3 wIluwnas

1.1 wlgnasararslsaiiy 63 AlAududy 6 x 10° M 1uarsassu lasldurvaon

Uszqlludwhazane

1.2 aymAunlunesiindeuuwakaifioy Adndoundelinnudutu 0.4698 x 10°M

1.3 w3suansaveelsnndiu 63 uazansazanelsniiiu 63 Srudvaynmaullunssdiaiiov

LWALAABY ARSI 3.5

mMIafl 3.5 NMSeSENA1TALANE R6G WAY R6G + Aue@Pd fianududusing q

Y3uas (ml) anIdIU Anudutu (M) anTdIu
Ysung anudutu
fi7at9 266 | Auopd | O M99 R6G | Au@Pd JEWIN
R6G uaz (10%) (10%) R6G uay
Au@Pd AuePd
R6G 0.25 - 0.75 - 1.5 - 1
A 0.25 0.01 0.74 1:0.04 1.5 0.0470 1:3
B 0.25 0.02 0.73 1:0.08 1.5 0.0940 1:6
C 0.25 0.03 0.72 1:0.12 1.5 0.1409 1.9
D 0.25 0.04 |0.71 1:0.16 1.5 0.1879 1513
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M3l 3.5 MSwIBNE1SazAIY R6G Waz R6G + Au@Pd finmnudiudusing «q ()

Y3u1as (ml) ansndu ANty (M) ansdau
Vues ANututu
fi7819 N [P IR R6G | Au@Pd I
R6G uay (10%) (109 R6G uag
Au@Pd Au@Pd
E 0.25| 005 |0.70 1:0.20 1.5 0.2349 1:16
r 0.25| 015 |0.60 1:0.60 1.5 0.7047 1:47
G 0.25| 025 |0.50 1:1.00 15 1.1745 1:78
H 0.25| 0.35 [0.40 1:1.00 1.5 1.6443 1:110

3.4 N1sUIRQENLYENTazaNe

3.4.1 WssuMBE19e1einieINITe 3.2 LaYASHNA1TAYA18INTITD 3.3

a aa o 1 A" v A
3.4.2 weaasarameyinnms 0.5 Iadies asuusetsaeiinie Aagun 3.37

o o Y aw
3.5 n'ﬁ'ﬂﬂﬁaﬂuﬂsi:UUﬂ"TﬂﬂﬁﬂQWLﬂUQﬁGQNUQﬁUQQﬂ

o e . :
JUN 3.37 mMsveadmsuasnIutisasalsvesiiegasuuaeiialie

dad ' ¥
3.5.1 mIAnwszezanngalunsudans R6G uazanuuand1slunsdnen

DI wazlsidrav DI

aa o v o Jdd 1
NITNARVINIUNRIYD 3.4 ﬂ’]iﬁﬂ‘cﬂLWSMWS%H%LQaﬂﬂﬂﬂ?jﬂ'lun’l‘iLI.‘U

arsazanelsmnilu 63 warnISANYIALLANATTENIIINITaNYT DI wasliideudl DI uden
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ganAuvasuasiiangagafia 0.0119 + 0.0065 fimuenadu 530.70 uiluwns wadldlums
naapInsIl dmusenadasiulwilinvesmnsganduiigninlumsmeass luvte 4.2.1
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ﬂv d d 1
awinfleNudansazane R6G was R6G + Au@Pd NanuLdudusie 9

= ] r . A’ o
AN9190 44 uammmsgnnﬁwmmamemumﬁawu.'da'ﬁa:mu R6G uas R6G +

Au@Pd
g AMIAANTUKASG N ¢
finaEn9 E Nhenr 1500 ANUE1AaY (UTun3)
R6G 0.0022 + 0.0001 533,02
A 0.0041 + 0.0002 533.60
B 0.0053 + 0.0002 532.44
C 0.0092 + 0.0004 530112
D 0.0100 + 0.0002 534.76
b 0.0116 + 0.0002 533,02
F 0.0116 % 0.0002 533.02
G 0.0119 + 0.0065 530.70
H 0.0121 + 0.0002 533,02
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2) namsAn¥IYaIM YA e
2.1) HAMIANAINIIUEWEIYRY R6G + Au@Pd fiamududiusing q

PnnsAnmaUnaiumsUdswaesetsmeihiiefudasazanesnniiu
63 wazarsazatslsmilu 63 sawdveymauluvesdiadeuuwauaiiion fesueliluide
3.5.2 49 1 nymuamsauduiudseniamsduauazauenaiuuesiotvaeiide
fudansazans R6G uay R6G + AugPd fsguil 4.11 wudnile R6G finisiiiu AugPd An1s
Wawasduwltuiiuauineviliiimsduasgegn Ssogszwinedeng C uay B Taedl
AMsUAATEe 124.49 + 0.24 Lag 124.31 + 0.36 Auddiy AirueneaduldIty 556.74
wiluams Jadloranmen Integrate intensity Wéawuin Mswdsuaunnanfefogn B uag
C FaflAn 2615.47 uay 2608.02 nwdiy uazdiuuiluanassufsdnisdeuasdigad
Motha H Inefimmsidanasdiog 75.11 + 1.39 fmnueniadu 554.43 ualung Saiien
Integrate intensity Wity 1658.19 wafilalunsnaaesndsil firuaenndosiuuunliimween

nswasuasnigninlummenes Tuide 4.2.1 99 2 w1599 4.5
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d ’ ' o ' Av J 1
A3 4.5 waRIAINISIUA L EIYaIRBE19a8UallaNuYa1Taza1e R6GIAS R6G +

Au@Pd
Ly AMIUausgegn Integrate i
#7989 e, % 505 el AMUB1IAAY (Wluluns)
R6G 96.71 + 0.22 2162.06 556.74
A 109.11 +0.12 2265.51 553.27
B 124.31 + 0.36 2615.47 556.74
C 124.49 + 0.24 2608.02 556.74
D 114.56 + 0.43 2554.67 554.43
E 108.81 + 0.41 244717 554.43
F 98.52 + 0.21 2105.87 556.16
G 85.78 + 1.38 1794.52 554.43
H TR+ 159 1658.19 554.43
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1) wamsAnwmnsesauaeiialisfensdenwlaslduasanndesganssamingzsu
ARaNANBINIIATINasuateiiiomenisaennlaglduasanndosganssm

v ' a oo ' & o i v
nsEAuUNUI vinailiasaratsazgnateeanunludan Wesnnuasilylunisnsyduiy
i v @ e W ' o v Y q v
wev Wenasnannsgvuiuinguatindsuliannwenaznseiuazaeluasavaieuuly
ansdunsalfsundassvaundan Inhieznenlumsararsiugandunasiinluuay

Lifinsiaaasannin msvmaaa‘l‘uﬂ%’aﬁ‘ﬂ'a'lﬁmmi@mnﬁu*/’i"‘;mswﬁhamwdw

MIRANFULES
1INNSNARBINISANEINISASII@BUAIL TN anwn1saen e ldLaIannados

JanssainszAuesuielimiite 3.5.2 4o 3 nan1smesesazianslunsaludunus

5¥W319A1 Gray value fiu Distance (pixels) lugu# 4.13 fis U9 4.21 wagA1ANUULGE

ANULANANAIAISIN 4.6

d J i ] o L) Qy A
MINN 4.6 uARIAIAMILANAN TR NUTNLAYB R sanslalliofiudssazany
R6G wag R6G + Au@Pd lasmstamwlduasainndasganssatiliudanszdu

fege | mamudugegevas | Manudushgeves | AauuensneYes
Gray value Gray value Gray value
(Mean +SD) ( Mean + SD) ( Mean % SD)
R6G 175.60 + 0.65 83.99 £0.99 91.61£0.82
A 173.86 + 2.73 39.23 + 0.68 13463 +1.70
B 174.06 + 2.46 37.03 + 0.40 137.03 + 1.43
C 172.72 + 5.78 35.11 £ 0.17 137.61 £2.98
D 171.74 £ 5.17 44.03 + 0.37 128580 & 277
2 169.07 £ 2.69 42.26 + 1.07 126.81 £ 0.81
F 169.87 £ 1.22 86.31 + 0.44 83.56 +0.78
G 175394 1.15 82.16 + 1.56 93.03+1.36
H 169.93 + 1.65 90.49 + 1.84 79.44 £ 1.75
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1. mwyasiiesemiaiefiud R6G
Pnmslessinmaielaslduamnndesganssminsedushetmeiiie
fiud R6G wuindiAAuITugIaRegil 175.60 +0.65 ¥asA1 Gray value uazilAAImLTy
#gaagi 83.99 +0.99 v9s1 Gray value Bafinmunnsineegd 91.61 + 0.82 veeA Gray
value uansfisguil 4.15
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2. MNYBIRAEN A
nnmnseinmaslagliaanndasganssminseduiogwaeiaiie
flug R6G wudrdiAmatugegnogi 173.86 + 2.73 vee Gray value uazdiraanud
sgngii 39.23 + 0.68 va4A1 Gray value Faflmmuandnsegil 134.63 + 1.70 v0361 Gray

value uanefisguil 4.16
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3. AMYBIIBEN B
mnmsdeneiamdelneliamnndananssainszduiotameiiie
flug R6G wudrilArmutugegmegil 174.06 + 2.46 vesAn Gray value uazdiAraduidy
samagd 37.03 + 0.40 ¥83A1 Gray value Fsfinruunnsingegd 137.03 + 1.43 vee1 Gray

value uanasiagui 4.17
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4. AWYBIRREN C
mslaszinmenslasliuasannndesganssminsedusegameiifie
flut R6G nuindirrmandugegnegil 172.72 + 5.78 vesn Gray value wazdiAnaudy
saneyil 35.11 + 0.17 va3An Gray value aflenuuandneegii 137.61 + 2.98 4898 Gray

value LanssiszuN 4.18
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5. AMYRAIBEN D
mnmsiasginmislngliuamnndesganssminsefuietmeiiafie
Lt R6G wuirAIAIgIgaegTl 171.74 £ 5.17 Y3 Gray value wardidraa ity
AgRogil 44.03 + 0.37 Y8961 Gray value afimnuuanainegil 127.71 + 2.77 ve3e Gray

value wanasiazui 4.19
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6. NNYDINIBEN E
mnmsiesginmimelaslduasanniesganssminseduiogaeiiaie
fiut R6G wudniiFmudugegmagil 169.07 + 2.69 vesAn Gray value uagiiAiAandy
sanagil 42.26 + 1.07 vesein Gray value Faiimmuansingegf 126.81 + 0.81 Yasn Gray
value LLamﬁ'agUﬁ 4.20
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7. AMUBIABEN F
Pnmseneinamielneliuamnndosganssminseduiogmeihile
#iud R6G wuiniiAnauitugegmegi 169.87 + 1.22 1a3A1 Gray value waziAnnd ity
mgaogil 86.31 + 0.44 w83 Gray value Bsiimuuandngegil 83.56 + 0.78 vor1 Gray

value uaﬂaﬁ'\‘igﬂﬁ 4.21
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8. NMNYBINBEN G

PInmsiasizin s laslduasnnndsiganssminseduiiagnmeiiaiie

a1 | % 1l ' - %
Ly R6G W"U'Jquﬂ']ﬂ']']lllﬂllq‘jf!ﬂa%ﬂ 175.19 + 1.15 ¥89A1 Gray value LaZiAIAIULIU

Aanegil 82.16 + 1.56 Y8361 Gray value Sainuuansngeyi 93.03 + 1.36 ¥83A1 Gray

value UamnsRagui 4.22
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9. AMYBINIBEN H
nnmsinneinmielagliuamnndoganssminsedusetsmeiaie
flut R6G wuiniAarmitugegnagil 169.93 + 1.65 vosn Gray value wagiiarda
Aganyi 90.49 +1.84 Y031 Gray value Fafianuunnsinsegil 79.44 + 1.75 ves Gray

value UansAszuN 4.23
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ﬂ?lh"l‘/lﬂ'lf)ﬂ']ﬂ C ATNABUINBUAIUYALAUNFALATAIAMULANANNUBEVIFANRIBL1N H

amillsdasianalidmauinniian

2) mamsAnwIMIaTRFeuwiafiafensdnminslduasanlalaawduanszdy
MnmansAnyINIsITIaeUMeiafiessnsteamiaglduaanlalenudauas
nszunuI Vinadifiasasasazgnansesninifuuinaiiinsewawesasazaedy
wasdiFen osnuasiildnseduiulalendsuasiimmuenaiu 530 wiluwns Wauasmn
nsgnufuing dndsmunnwefiaznszduessanluanserasiulifansduriandeuutas
szﬁuwé’amulﬂé’aszé’uwé’qmuﬁqﬁu uifloogmarluansaganeindauiigstuiiaoulal
s Seanudeswdnuluguvesingey Juilfenenluasazasiuganduuasiidily

wazilaanaenanu msneaasluasstidalarinisiaasasiiimsienlauninegns

MIUAUES

3 NN1IMARBINIsAnYINIIATIIAs uatEadiadIensdsamlaslduassin
laToawduasiinnueiandy 530 wiluwes uiinszdu fesurslinnaide 3.5.2 4o 3
KanINARDIRLARslunTIMALERUSSENING Gray value AU Distance (pixels) Tugud

= d‘ 1 1 a ‘J
4.24 93 E‘UVI 4.32 La¥AIAMTULAZAINUANANAINITNA 4.7

P ' ' ' o ' A’ o H
M3 4.7 uansdanuuandsERiaMIduLaIaietemeialieNuda sazany
R6G uaz R6G + Au@Pd Tawardemsienmiduasanialeadwantuinazdu

dfetne | denudugegaues | Aenuduigaues | Aenuusnsnves

Gray value Gray value Gray value

R6G 73.67 £ 0.62 0.59 +0.52 73.08 £ 0.57
A 9596 +1.73 0.40 £+ 0.32 95.56 + 1.03
B 103.07 £ 1.14 0.89 £0.32 102.38 £ 0.73
C 103.40 £ 0.86 0.43 +0.31 102.97 £ 0.59
D 89.43 £ 0.97 0.67 £0.32 88.76 + 0.65
E 81.63 £ 0.62 0.80 +0.38 80.83 £ 0.50
F 59.28 £+ 0.80 0.46 +0.49 58.82 + 0.65
G 45.46 +0.41 0.73 £0.20 44.73 £+ 0.31
H 39.47 +0.51 0.98 +0.19 38.49 +0.35
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1. nmvasesaeiiafiefiuy R6G
nnmessinmaeladlduasnlalenauasiinnuenaiu 530 uily
wns Wuinseduietumsinfofiug R6G wudileanudugegaegil 73.67+ 0.62 ve9
fn Gray value uaziifuidumgaegil 95.96 + 1.73 vas Gray value FefiaTmuumneis
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2. AMNYUDIHIENe A

PNMTIATIERNNEenelduasanialondawasiaueAay 530 uily

v v 1
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3. AMNYBIAIBEN B
nMsiessinmaelaglduasnnlaleadasiinueniady 530 uily
wnsuinsyduiatimeiifiofiud 8 wulilemudugegeesi 103.07 + 1.14 vase
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4. AMNYBIR9EN C
PNNTIATITinmaelaslduasnnialenlawaainiueeay 530 uily

wasiudinsydusegnasihiiefiug C wuirdidmudugsgaogi 103.40 + 0.86 vasr
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5. NMNUBIR28EN D
PINMTIATIEN e laelguasanialenawaeniaueInay 530 wilu
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6. NMNYBINTEN E
Mnmsianzinmieladlfuaanlaleanduasdicuenaiy 530 wily
wnsiufansedusodsmeiafioniuy £ wuihilemudugeanegil 81.63 + 0.62 f Gray
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Plasmonic properties of gold-palladium core-shell nanorods
Kitsakorn Locharoenrat and Pattareeya Damrongsak

Department of Physics, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand, klkitsak@kmitl.ac.th

Received: 23.04.2015

Abstract. We focus on the plasmonic properties of palladium-coated gold nanorods.
Two characteristic plasmon bands of those nanorods have been detected in the
optical absorption. One of them, which is located at about 525 nm, is associated with
electron oscillations along the transverse direction. This band does not depend on the
palladium-shell thickness and the dielectric susceptibility of the surrounding
medium. The other band, at about 800-900 nm, is associated with electron
oscillations along the longitudinal direction. It exhibits a clear shift when the
palladium-shell thickness and the dielectric surrounding are changed. Our results
point to a novel possible way for tuning photo-catalytic ability of the nanorods and
their possible use in biological/chemical sensors.

Keywords: metals, plasmons, nanomaterials, nanorods

PACS: 73.20.Mf, 78.67.Qa, 81.10.Dn
UDC: 535.34+535.331

1. Introduction

Bimetallic nanoparticles can offer additional degrees of freedom when compared with the pure
elemental particles, by altering physical properties of the latter. This can enable a wide range of
applications, e.g. catalysis technologies [1-6] or optical devices [7-11]. Like bimetallic
nanoparticles, applications of bimetallic nanorods have served as a catalyst of one of the most
active areas of the nanoscience. Bimetallic nanorods having large surface-to-volume ratios are
among the nanomaterials used to improve selectivity and rate of metal-catalyzed reactions.
Moreover, the bimetallic nanorods employed as nanocatalysts can provide a way for utilizing
smaller amounts of expensive catalyst materials, by using less expensive metals as core materials.
On the other hand, the structured core—shell nanocatalysts retain an efficient coupling surface-
plasmon resonance. They can, for instance, act as built-in sensing components, which are able to
signal the exposure to biological agents and toxic chemicals before the doses of the latter become
harmful.

So far, the bimetallic nanorods have been used mainly in alloy or core—shell forms, relying
significantly on the synthesis conditions, miscibility and the kinetics of reduction of metal ions. In
this work, we study the plasmonic properties of the core—shell particles where palladium-wrapped
gold nanorods have been obtained with various palladium-shell thicknesses and surrounding media.
Like platinum, palladium is unique for its catalytic properties. It is expected to be a highly useful
industrial catalyst for producing hydrogen from methane, reducing automobile pollutant gases, and
even in direct methanol-fuel cells.

Gold has also attracted much attention as a potential core for bimetallic core—shell nanorods.
The reasons are its strong optical absorption in the visible region [12, 13] and good catalytic
properties [14-16], which reveal clear size and shape dependences. Furthermore, the use of gold
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for the catalysis, instead of the other metals commonly employed for that aim, is more viable
economically. In this respect our experimental results may prove to be very useful for the solar
energy conversion by plasmonic luminescent solar concentrators. Moreover, the benefits from the
plasmonic effect can be applied to develop metal-enhanced fluorescence via fluorescent dye-doped
Au@Pd thin films. This will be the subject of our forthcoming article.

The impact of the present work concerns the two aspects. First, we have measured the exact
values of the metal-component concentrations. Since the metal mass in the solution cannot be
extracted from its precursors, one needs inductively coupled plasma-mass spectrometry
examinations of the products obtained finally, especially in the case of our plasmonic
investigations. We have used the mentioned spectrometric technique to measure the exact metal
concentrations. Notice that some of the studies (see Refs. [17, 18]) provide only approximate
estimations issuing from the metal sources and the conversion efficiency. Although these rough
concentration estimations are of the same order of magnitude, they can vary notably from the exact
values. Second, we have built a simpler, lower-cost spectrometer, as compared with its commercial
counterparts.

2. Experimental

A gold core was prepared from the solution of cetyltrimethylammonium bromide, using a seed-
mediated growth technique [19]. Palladium chloride components of different concentrations were
then added to the gold core in order to form a palladium shell of varying thickness. The exact
concentrations were examined with the inductively coupled plasma-mass spectrometry, which is
usually used for determining the exact amounts of metals. The gold-core sizes and the palladium-
shell thicknesses were characterized using a transmission electron microscopy. The samples were
centrifuged and redispersed in deionized water before the optical absorption measurements.

The absorption spectra (in arbitrary units) of the gold-palladium core—shell nanorods with
different weight ratios of palladium and gold (Pd:Au=0.20:1, 0.10:1, 0.05:1 and 0:1) were
measured in the wavelength region 400900 nm, using a home-made spectrometer equipped with
polarizing accessories, a xenon lamp Hamamatsu L2273, and a photomultiplier Hamamatsu R585
(see Fig. 1). We used two monochromators in a series, which functioned as a double filter for
rejecting any stray light. The exit slit of the first monochromator was the entrance slit for the
second one. The absolute values of sample absorptions were obtained by normalizing the sample
absorption response corresponding to plasmon resonances to that of a quartz reference plate.

Finally, the optical absorptions of a set of palladium-coated gold nanorods placed in the
liquids with different dielectric constants (see Table 1) were studied. The plasmon modes were
also detected for the reference cases of refined ethanol and toluene. The experimental data was
presented in terms of dependence of the plasmon-peak wavelength on the refractive index.

Detector |
{Reference)

Xe l-41-chrom {4 1-chrom :
Jammp Filter \ " Chopper ..

Detector 1l
Quartz Sample (Sample)

—_—T

Fig. 1. Schematic diagram of our optical setup. ‘1-Chrom I and ‘4-Chrom II' are two monochromators
(see the text).
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Table 1. Chemical substances used in this work and their refractive indices

Ethanol fraction (%) Toluene fraction (%) Refractive index
0 0 1.33
100 0 1.36
67 33 1.41
50 50 1.43
33 67 1.45
0 100 1.49

3. Results and discussion

The transmission electron microscopy images displayed in Fig. 2a and Fig. 2b show uniform gold
nanorods and uniform palladium-coated gold nanorods, respectively. The short axis b and the long
axis a of the gold nanorod core are 40+3 and 96+6 nm, respectively. The aspect ratio a/b is
therefore 2.4+2. The thickness of the coating palladium shell is equal to 3.0%0.2 nm.

ed L&

Fig. 2. Transmission electron microscopy images of gold (left panel) and palladium-coated gold (right panel)
nanorods.

The optical absorption spectra measured for the palladium-coated gold nanorods with the
Pd/Au weight ratios 0, 0.05, 0.10 and 0.20 are shown in Fig. 3. Two main plasmon peaks can be
detected for all of our samples. The first is linked to electron oscillations perpendicular to the long
axis of the rod (a so-called transverse plasmon band), and the second is associated with
conduction-electron oscillations parallel to the long axis of the rod (a so-called longitudinal
plasmon band). Of those two modes, the transverse oscillations of electrons give rise to the
absorption band located at the shorter-wavelength side (at about 525 nm), which corresponds to
nanospheres. That location of the resonance is independent of the palladium-shell thickness and
the changing Pd/Au weight ratio because the short axis a is dominant for the spherical-like
segments. The resonance shows no detectable shift when the Pd/Au weight ratio increases from
0.05 to 0.20. This result can be explained with the approach developed by Sandrock et al. [20]
suggesting that the light polarization is weakly affected by the centrosymmetric structures having
the aspect ratio a/b = 1.

» |PdAU=020:1
c
3 Fig. 3. Absorption spectra of palladium-
ﬁ coated gold nanorods with different
g‘ Pd/Au weight ratios. Left and right
] 0.10: peaks correspond respectively to
8 transverse and longitudinal plasmon
2 0.05: bands. Each sample is immersed in
deionized water.
0:1
T U Ll i 1
400 500 600 700 800 900

Wavelength, nm
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On the other hand, the longitudinal oscillations of electrons result in the band located in the
longer-wavelength part of the spectrum, because the long axis b is dominant for the case of rod-
like segments. The peak position depends on the palladium-shell thickness, thus suggesting that
the effect of gold core on the plasmonic sensitivity is completely screened when the palladium-
shell thickness becomes larger. As a consequence, increasing thickness of the palladium shell
imposes a blue shift of the plasmon absorption maximum. This longitudinal plasmon band
corresponds to the optical response of the pure palladium nanorods, due to less negative values of
the real part of the permittivity of palladium as compared to gold [21]. For instance, the absorption
band shifts from 860 to 820 nm when the Pd/Au weight ratio increases from 0.05 to 0.20. This
result can also be explained using the results by Sandrock et al. [20], which suppose that the light
polarization is strongly affected by the noncentrosymmetric structures having the aspect ratio
a/b # 1. In other words, by varying the Pd/Au ratio, one can adjust the blue shift of the plasmon
band to be anywhere beginning from 860 and ending at 820 nm.

To study dependence of the plasmon peak on the refractive index of the surrounding medium,
we have dispersed the palladium-coated gold nanorods into different organic solvents (The
relevant refractive indices are displayed in Table 1). Fig. 4 shows the peak positions of the
plasmon resonance for different Pd:Au nanorods immersed into different organic dielectric media.
The peak location for the transverse plasmon band is independent of the dielectric medium. This
implies that the absorption peak located at 525 nm does not change when the refractive index of
the medium increases from 1.33 to 1.49 (not shown in Fig. 4).

900
g880- X |Pd:Au=0:1
,g % N 00s:1 Fig.-4. Plasmon peak wavelengths
S x X ¥ 0.10:1 comesponding to the longitudinal
& X A A 'S 020:1 Pplasmon mode for the Pd/Au nanorods
%860- X ry L immersed in different dielectric media
z LS (see Table 1).
[} F [}
g L 4
é 840- A ] >
2 " .

820 ? - . :

1.30 135 140 1.45 150

Pd/Au dispersed in different media, refractive index

By contrast, due to recognizable dependence of the plasmonic sensitivity for the longitudinal
mode on the palladium-shell thickness, the palladium-coated gold nanorods with different
palladium-shell thicknesses give rise to distinct plasmon-peak wavelengths even in the same
surrounding medium. Namely, the plasmon peak wavelengths for the nanorods having the ratios
Pd:Au=0.20:1, 0.10:1, 0.05:1 and 0:1, which are immersed in deionized water (n=1.33), are
respectively equal to 820, 830, 840 and 860 nm. Then, by varying the Pd/Au ratio for the case of
the same medium, one can adjust the plasmon-band shift to be anywhere from 820 to 860 nm,

Furthermore, the peak position of the longitudinal plasmon band with a given palladium-shell
thickness shows evident red shift with increasing refractive index. Namely, the plasmon peak
shifts for the cases of Pd:Au=10.20:1, 0.10:1, 0.05:1 and 0:1 are respectively 820-860, 830-867,
840-874 and 860-880 nm, when each sample is immersed in the medium with different refractive
index (1.33-1.49). The shift value depends linearly on the refractive index. The host media with
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K. Locharoenrat et al

higher refractive indices (i.e., higher dielectric constants) are effectively more polarizable and thus
couple more readily with the surface plasmon electrons. The energy needed to collectively excite
electrons is then reduced. In this case the maximum of the plasmon absorbance is shifted towards
the red side of spectrum.

There are two possible origins of the observed spectral changes associated with the electron
oscillations in our samples. First, there is a change in the electromagnetic field gradient normal
and/or parallel to the sample plane, due to the plasmon excitation. Second, as seen from Fig. 2, an
electro-static lightning-rod effect via geometric singularity of sharply pointed structures may result
in enhancement of the electric field. Numerical investigations of the local electromagnetic fields
with the finite-difference time-domain technique are now in progress. They can unravel the nature
of the lightning-rod effect and plasmon modes enhancing in our samples. The more detailed results
will be presented in our forthcoming article.

In summary, both the presence of the palladium shells deposited onto the Au-core nanorods
and the changes in the refractive index of the surrounding dielectric medium are marked by a
change in the sample colour and a shift in the plasmon-peak position proportional to the changes in
the electromagnetic field located around the nanorod surfaces. The UV-Vis-NIR absorption
spectra clearly point to both short- and long-wavelength plasmon bands, which are attributed
respectively to the transverse and longitudinal plasmon modes of the rods. Under controlled
changes in the palladium-shell thickness and the refractive index of the surrounding dielectric
medium, the longer-wavelength plasmon band reveals a shift, whereas the shorter-wavelength
band remains invariable. Since the palladium-coated gold nanorods have an inherent photo-sensing
ability, they should prove a very desirable material for the photo-catalysis and for the surface
plasmon resonance-based sensors.

4. Conclusions
We have described two observations regarding the optical properties of the gold-palladium core—
shell nanorods. The nanorods reveal a unique optical response, with the two characteristic plasmon
resonance bands present in the optical absorption. Unlike the resonant peak from the transverse
plasmon band, the peak linked with the longitudinal plasmon band excitation shows a remarkable
shift when one changes the palladium-shell thickness and the dielectric medium in a controllable
manner. A blue shift of the localized longitudinal surface plasmon resonance in the UV-Vis—NIR
absorption spectrum is observed if more palladium atoms are added in order to form a shell on the
gold core. This allows one to alter the plasmon resonance of the palladium-coated gold nanorods.
On the other hand, since high enough refractive indices of the organic solvents can screen the
incident electromagnetic field, the localized longitudinal surface plasmon resonance becomes red-
shifted with increasing refractive index of the surrounding medium. Due to excellent reproduction
of the absorption response and the intense plasmon peaks, the palladium-coated gold nanorods can
serve as a superior candidate for chemical/biological sensing and photo-catalysis.
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Anomayin. Y pobomi 0ocnidxnceno naasMoHHi enacmueéocmi 3010Mmux HAHOCMEPICHIE, NOKPUMUX
nanadiem. Y cnexmpax iXnb020 ONMUYHO20 NOZNUHAHHA GUAGNEHO 08I XAPAKMEDHI NNA3MOHHI
cmyau. OOHa 3 HUX, pO3MAWIOSAHA 6 OKOML 525 HM, N06'A3aHA 3 eNeKMPOHHUMU KOMUGAHHAMU
630062/ nONePeuHo20 HaNpAMKy cmepaickie. Ii nonooicenns ne sanescums 6id mosuwyunu nanadiesoi
obononKku ma Odienekmpuynoi cmanoi omouyiouozo cepedosuwya. IHwa, posmawioseana & oxoni
800-900 um, acoyiioemvca 3 enekmpoOHHUMU KOMUSAHHAMU @ NO300GHCHLOMY HANpAMKY. Bowa
3A3HAE 3CYEY 3i 3IMIHON MOGWUHY NAnadice0i OOONOHKYU | NOKASHUKA 3QNOMACHHA OMOYYIOH020
cepedosuwa. Hawi OQocnidycenna 6Kka3yiome HA HOGUU  MOJCAUGUI WNAX — KEDYBAHHA
gpomoxramanimuuHo 30GMHICMIO HAHOCMEPXCHIE | NEepCneKmugu IXHb020 GUKOPUCMAHHA 6
bionozo-xiMiunux cencopax.
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Purpose. To investigate whether the widely accepted advantages as-
sociated with the use of chitosan as a nasal drug delivery system,
might be further improved by application of chitosan formulated as
nanoparticles.

Methods. Insulin-chitosan nanoparticles were prepared by the iono-
tropic gelation of chitosan glutamate and tripolyphosphate pentaso-
dium and by simple complexation of insulin and chitosan. The nasal
absorption of insulin after administration in chitosan nanoparticle
formulations and in chitosan solution and powder formulations was
evaluated in anaesthetised rats and/or in conscious sheep.

Results. Insulin-chitosan nanoparticle formulations produced a phar-
macological response in the two animal models, although in both
cases the response in terms of lowering the blood glucose levels was
less (to 52.9 or 59.7% of basal level in the rat, 72.6% in the sheep)
than that of the nasal insulin chitosan solution formulation (40.1% in
the rat, 53.0% in the sheep). The insulin-chitosan solution formula-
tion was found to be significantly more effective than the complex
and nanoparticle formulations. The hypoglycaemic response of the
rat to the administration of post-loaded insulin-chitosan nanopar-
ticles and insulin-loaded chitosan nanoparticles was comparable. As
shown in the sheep model, the most effective chitosan formulation for
nasal insulin absorption was a chitosan powder delivery system with
a bioavailability of 17.0% as compared to 1.3% and 3.6% for the
chitosan nanoparticles and chitosan solution formulations, respec-
tively.

Conclusion. It was shown conclusively that chitosan nanoparticles did
not improve the absorption enhancing effect of chitosan in solution or
powder form and that chitosan powder was the most effective for-
mulation for nasal delivery of insulin in the sheep model.

KEY WORDS: chitosan; nanoparticles; complex; nasal delivery; in-
sulin.

INTRODUCTION

In recent years there has been a great deal of interest in
the exploitation of chitosan for agricultural and water purifi-
cation purposes as well as utilization within the pharmaceu-
tical industry for improved delivery of drugs (1). Hence, chi-
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tosan has been widely used as an excipient in oral drug for-
mulations for increased dissolution of poorly soluble drugs, to
obtain controlled and sustained release of drugs and for tar-
geting of drugs to specific sites in the gastrointestinal tract
(24).

Chitosan is a cationic polysaccharide produced by partial
deacetylation of chitin that is derived from naturally occur-
ring crustacean shells. The polymer comprises copolymers of
glucosamine and N-acetyl glucosamine and the term chitosan
embraces a series of polymers, which vary in molecular weight
(from about 10,000 to 1 million dalton) and degree of deacety-
lation (in the range 50%-95%). Chitosan is insoluble at neu-
tral and alkaline pH, but forms water soluble salts with inor-
ganic and organic acids including glutamic acid, hydrochloric
acid, lactic acid and acetic acid. The preferred salt form for
nasal drug delivery is the glutamate salt due to its superior
absorption enhancing ability (5). Upon dissolution in acid
media, the amino groups of the polymer become protonated
rendering the molecule positively charged. The properties of
chitosan (eg pKa and solubility) can be modified by changing
the degree of deacetylation and formulation properties such
as the pH and ionic strength.

In the last few years it has been shown, mainly by our
group, that chitosan, both as a solution and a powder formu-
lation, is able to dramatically enhance the nasal absorption of
polar molecules including peptides and proteins that other-
wise are only poorly absorbed via the nasal route (1,6-9).
Hence, it was shown in human volunteers that morphine
given nasally in a chitosan solution formulation obtained a
bioavailability of about 60% as compared to about 10% for a
simple solution (9). Similarly, it was found in the sheep model
that for the peptide goserelin, a bioavailability of 36% could
be obtained with a powder chitosan formulation compared to
less than 2% for a simple solution (10).

The absorption promoting effect of chitosan has been
studied by us and by other research groups and found to be
due to a combination of mucoadhesion and a transient open-
ing of the tight junctions in the mucosal cell membrane (1,11~
13). The mucoadhesive properties of chitosan are due to an
interaction between the positively charged chitosan and nega-
tively charged sialic acid groups on the mucin, and will pro-
vide a prolonged contact time between the drug and the ab-
sorptive surface and thereby promote the absorption (14).
Furthermore, it has been shown in in vitro studies in Caco-2
cell mono-layers that chitosan is able to induce a transient
opening of tight junctions thus increasing membrane perme-
ability particularly to polar drugs, including peptides and pro-
teins (6,12,13).

A variety of chitosan based colloidal delivery systems has
been described in the literature for the mucosal delivery of
polar drugs, peptides, proteins, vaccines and DNA (15-22).
The colloidal nanoparticle systems have been produced by
various methods to include crosslinking, desolvation, self-
assembly or ionic interaction between the positively charged
chitosan and a negatively charged polymer. One of the more
interesting concepts, is that apart from complexation, chito-
san is able to gel on contact with negatively charged tripoly-
phosphate ions by ionotropic gelation, thus facilitating instan-
taneous nanoparticle formation under very mild processing
conditions. Nanoparticles are formed through inter and intra-
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molecular linkages created between tripolyphosphate anions
and chitosan amino groups (15). It has been claimed by Fern-
andez-Urrusuna er al. that high nanoparticle yields were
achievable provided that the conditions for their formation
have been optimised (19,20). Additionally it was suggested
that high amounts of proteins could be incorporated into such
chitosan nanoparticles (19,20). For chitosan nanoparticles
ionically crosslinked with tripolyphosphate pentasodium
(TPP), the mechanism of association with proteins includes
hydrophobic interactions, hydrogen bonding and other phys-
tochemical forces, in addition to the physical entrapment as-
sociated with nanoparticle formation in the presence of drug
(15). It has been reported in various publications that insulin-
associated chitosan nanoparticles, prepared by the ionic ge-
lation method, are able to enhance the nasal absorption of
insulin, as expressed by the reduction in plasma glucose lev-
els, to a greater extent than an insulin-chitosan solution fol-
lowing nasal administration to conscious rabbits (19,20). In-
terestingly, these workers also claimed that insulin-chitosan
(chloride) solution (used as a control solution in the in vivo
studies) induced only a minor decrease in plasma glucose
levels in this animal model (20).

The objective of the present work was to evaluate two
different types of chitosan (glutamate) nanoparticle, pro-
duced by a complexation or by an ionic gelation method and
to compare their absorption promoting effect by employing
the nasal administration of a model drug (human zinc insulin)
in rat and sheep models. The effect of the nanoparticles was
compared to the absorption promoting effect of chitosan so-
lution and chitosan powder formulations for nasally adminis-
tered insulin.

MATERIALS AND METHODS

Materials

Chitosan glutamate (Protasan UP G213) was obtained
from Pronova Biopolymer A/S (Oslo, Norway) and used as
supplied. Chitosan dissolved as a 1% solution in acetic acid
had a viscosity of 97 mPas and the molecular weight was
quoted as 205,000 Da. The tripolyphosphate pentasodium
(TPP) was purchased from Sigma (Aldrich, Poole, United
Kingdom). Human zinc insulin (26.3 IU/mg) was obtained
from Eli Lilly (Indianapolis, Indiana). All other materials
used were of analytical or pharmaceutical grade.

Initial Nanoparticle Preparation Studies

Preparation of Chitosan Nanoparticles

Chitosan nanoparticles were prepared by the ionic gela-
tion of tripolyphosphate pentasodium (TPP) and chitosan
glutamate (CS) as described by Fernandez-Urrusuno er al.
(19). Preliminary experiments were performed with the ob-
jective of identifying the concentrations of chitosan and TPP
appropriate for nanoparticle formation (identified by the ap-
pearance of an opalescent suspension). Chitosan glutamate
solutions (0.5, 1, 2, 3, 4, 5, 7 and 10 mg/ml) and TPP solutions
(0.5, 1, 5 and 10 mg/ml) were prepared in ultrapure water
(Elga) and a volume of TPP solution (0.25, 1, 2, 2.5 or 3 ml)
was added dropwise to 5 ml of chitosan solution while stirring,
The resultant mixtures were broadly characterized as either a
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clear solution, an opalescent suspension (nanoparticles), or as
aggregates. Nanoparticle formation was confirmed quantita-
tively by Photon Correlation Spectroscopy using a Malvern S
4700 PCS System (Malvern Instruments Ltd., Malvern,
United Kingdom).

The optimal initial polymer and polyphosphate salt so-
lution concentrations were identified from these preliminary
experiments as 2 mg/m! chitosan glutamate and 0.84 mg/ml
TPP. These concentrations were subsequently used for the
preparation of nanoparticle suspensions.

Drug Incorporation: Post-Loaded
Insulin-Chitosan Nanoparticles

Chitosan nanoparticles were prepared by adding drop-
wise, 3.6 ml TPP solution (0.84 mg/ml) to 9 ml chitosan glu-
tamate solution (2 mg/ml), while stirring using a magnetic
stirrer. Aliquots of 10 ml of nanoparticle suspension were
centrifuged in tared centrifuge tubes for 90 m at 3660 rpm and
20 °C using a MSE Mistral Centrifuge 3000i. The supernatant
was decanted from each tube, the isolated solids freeze-dried
using an Edwards Modulyo 4K freeze-drier (Edwards High
Vacuum Int., Crawley, United Kingdom) and the chitosan
nanoparticle yield determined. These data enabled calcula-
tion of the volumes of human zinc insulin solution (10 mg/ml)
and ultrapure water (previously adjusted to pH 4 with 0.1 M
HCI) required to re-suspend the centrifuged nanoparticles
and to obtain insulin concentrations appropriate for the nasal
administration of the formulations to rats and sheep. The
nanoparticles were re-suspended using a vortex mixer and
used without separating any free drug.

Drug Incorporation: Insulin-Loaded Chitosan Nanoparticles

The method of preparation of chitosan nanoparticles was
as described previously, with the exception that the human
zinc insulin was dissolved in the TPP solution (pH = 9.0) thus
facilitating nanoparticle formation in the presence of drug.
The insulin concentration used in the TPP solution was 1.25
mg/ml, since this concentration was previously reported as
providing the highest association efficiency and loading ca-
pacity (20). Attempts to first dissolve the insulin in 0.01M
sodium hydroxide solution prior to addition to the TPP solu-
tion as described by Fernandez-Urrusuno et al. (20) proved
unsuccessful.

As before, aliquots of 10 ml of nanoparticle suspension
were centrifuged in tared centrifuge tubes for 90 m at 3660
rpm using a MSE Mistral Centrifuge 3000i. The supernatant
was decanted from each tube, the isolated solids freeze dried
and the insulin-loaded chitosan nanoparticle yield deter-
mined. The concentration of insulin in the supernatant “free
insulin” was determined using HPLC. Determination of the
nanoparticle yield and the supernatant insulin concentration,
enabled calculation of the appropriate volume of ultrapure
water necessary to re-suspend centrifuged insulin-loaded chi-
tosan nanoparticles to obtain the required insulin concentra-
tion. As before, nanoparticles were re-suspended using a vor-
tex mixer.

Preparation of Formulations for the Rat Study

Preparation of Insulin Control Solution Formulation (Fl)

For the insulin solution control formulation, human zinc
insulin was dissolved in ultrapure water at pH 3.6, filtered
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through a 0.45 pm Gelman Acrodisc membrane filter and
diluted to 100 ml with filtered ultrapure water previously ad-
justed to pH 4.0. The final insulin concentration was 0.5 IU/ml
as analyzed by HPLC.

Preparation of Insulin-Chitosan Solution Formulation (F2)

For the insulin-chitosan solution formulation, a chitosan
glutamate solution (6.25 mg/ml) was added to a human zinc
insulin solution (10 mg/ml). The final chitosan concentration
was 5 mg/ml, the insulin concentration 20 IU/ml and the pH
4.0 for nasal administration in the rat study. The formulation
was analyzed for insulin concentration by HPLC.

Preparation of Insulin-Chitosan Nanoparticles (F3)

Sixty milliliters of chitosan glutamate solution (2 mg/ml)
was added to a small beaker and while stirring with a stirrer
bar, 24 ml of TPP solution (0.84 mg/ml) containing 1.25 mg/ml
human zinc insulin was slowly added. The nanoparticles were
centrifuged in aliquots on a MSE Mistral Centrifuge 3000i, at
3660 rpm and 20°C for 90 min. The supernatant was decanted
and 0.93 ml ultrapure water (previously adjusted to pH 4.0)
was added to each tube and the tubes vortexed for 5 min. The
pH of the formulation was 5.1. The nanoparticles were ana-
lyzed for insulin content by HPLC. The final insulin concen-
tration was 33 JTU/ml.

Preparation of Post-Loaded Insulin-Chitosan
Nanoparticles (F4)

The nanoparticles were prepared as above for F3 but
without the added insulin. The supernatant was decanted and
to each tube was added 0.109 m! human zinc insulin solution
(10 mg/ml) and 1.319 ml ultrapure water (previously adjusted
to pH 4.0) and the tubes vortexed for 5 min. The pH of the
final formulation was 4.7. The nanoparticles were analysed
for insulin content by HPLC. The final insulin concentration
was 15.6 IU/ml.

Preparation of Formulations for the Sheep Study

Preparation of Subcutaneous and Intranasal Insulin Control
Solution Formulations (F1 and F2)

The insulin solutions were prepared as for F1 in the rat
study. The formulations were analysed for insulin concentra-
tion by HPLC. The final insulin concentration was 166.6 TU/
ml and the pH 3.9.

Preparation of Insulin-Chitosan Solution Formulation (F3)

The insulin-chitosan solution formulation was prepared
as for the F3 formulation given to the rats. The formulation
was analyzed for insulin concentration by HPLC. The final
chitosan concentration was 5 mg/ml and the insulin concen-
tration 166.6 IU/ml.

Preparation of Insulin-Chitosan Powder Formulation (F4)

For the insulin-chitosan powder formulation suitable
quantities of the human zinc insulin (142 mg) and the chitosan
glutamate (852 mg) were weighed and transferred into a mor-
tar. The materials were carefully mixed with a pestle to pro-

Dyer et al.

vide a uniform powder blend (content uniformity was satis-
factory with less than 10% deviation from the stated insulin
content) as measured by HPLC. The final blend contained
14.3% w/w human zinc insulin and 85.7% w/w chitosan glu-
tamate, The formulation was analysed for insulin concentra-
tion by HPLC and found to be 3.78 IU/mg.

Preparation of Insulin-Chitosan Complexes (F5)

A 4 mg/ml chitosan glutamate solution was prepared by
dissolving 200 mg chitosan glutamate in 40 ml ultrapure water
and adjusting the pH to 5.5 by adding 0.1 M NaOH and
making up the volume to 50 ml with ultrapure water.

A 4 mg/m] human zinc insulin solution was prepared by
dissolving 200 mg zinc insulin in 40 ml ultrapure water ad-
justed to pH 4.0 with 0.1 M NaOH. When the insulin was
dissolved the pH was adjusted to 7.0 with 0.1 M HCl and the
volume made up to 50 ml with water.

The complexes were prepared by adding dropwise 50 ml
of 4 mg/ml insulin solution to 50 ml of the 4 mg/ml chitosan
solution under vigorous stirring with a magnetic stirrer. The
complexes were freeze dried on a Edwards Modulyo 4K
freeze-drier overnight after adding 3 g of trehalose to the
insulin-chitosan complex dispersion. Before the sheep testing,
1.077g of the freeze-dried complexes were suspended in 10 ml
of ultrapure water to give a final insulin concentration of
166.7 IU/ml and a final pH of 5.8. The formulation was ana-
lyzed for insulin concentration by HPLC.

Preparation of Post-Loaded Insulin-Chitosan
Nanoparticles (F6)

One hundred and eighty milli liters of chitosan glutamate
solution (2 mg/ml) was added to a small beaker and during
stirring with a stirrer bar, 72 ml of TPP solution (0.84 mg/ml)
was slowly added. The nanoparticles were centrifuged in ali-
quots on a MSE Mistral Centrifuge 3000i, at 3660 rpm and
20°C for 90 min. The supernatant was decanted and 0.452 ml
human zinc insulin solution (10 mg/ml) and 0.262 ml ultrapure
water (adjusted to pH 4.0) were added to each tube and the
tubes vortexed for 5 min. The final pH of the formulation was
4.7. The nanoparticles were analyzed for insulin content by
HPLC. The final insulin concentration was 166.7 IU/ml.

Characterization of Nanoparticles and Complexes

The particle size of the nanoparticles and complexes
were characterized by Photon Correlation Spectroscopy
(PCS) using a Malvern S 4700 PCS System (Malvern Instru-
ments Ltd., Malvern, United Kingdom) and the surface
charge expressed as zeta-potential measured by Laser Dopp-
ler Anemometry (LDA) using a Malvern Zetasizer IV (Mal-
vern Instruments Ltd., Malvern, United Kingdom). The effect
on particle size of centrifuging and re-suspending nanopar-
ticles in the presence and absence of insulin was determined.
The measurements were performed in triplicate.

Analysis of Insulin Formulations

The insulin concentrations of the various formulations
were analyzed using a Gilson HPLC system fitted with a Vy-
dac C,g 5 pm pre-column and a Vydac reverse phase C;g 5
pm 150 x 4.6 mm column (Hichrom, Reading, United King-
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dom). Gradient conditions and a flow rate of 1.0 mi/min (am-
bient temperature) were used. The mobile phase was com-
posed of eluent A, containing 95% ethanolamine (0.6%, pH3
and 5% acetonitrile and eluent B, containing 40% ethanol-
amine (0.6%, pH3) and 60% acetonitrile. The injection vol-
ume was 50 pl. The ultraviolet detector was set at 210 nm.
The analysis run time was 18 m. Samples were prepared for
analysis by dissolving/diluting the formulation in acidified wa-
ter (adjusted to pH 3.0 with orthophosphoric acid).

In Vivo Studies in the Rat Model

Twenty-one male Wistar rats, weighing 273 + 12 g
(Charles River, United Kingdom), were acclimatized for one
week before the study. The animals were fasted overnight
before the study with free access to water and terminal (non-
recovery) anaesthesia induced and maintained by the intra-
venous injection of a solution of Hypnorm (Janssen Pharma-
ceuticals, Beerse, Belgium) and Hypnovel (Roche Products
Ltd, Hertfordshire, United Kingdom) via a tail vein cannula.
The rats were placed in a supine position on a heated working
surface to prevent hypothermia. The rats were surgically pre-
pared by cannulation of the trachea to maintain patency of
the airway and carotid artery to facilitate blood sample col-
lection. The study was performed under a valid Home Office
(United Kingdom Government) Project Licence and had re-
ceived approval by the Ethical Review Committee at Univer-
sity of Nottingham.

The rats were randomly allocated (GraphPad™, Stat-
Mate®) to one of the four treatment groups each containing
five or six animals (Table I). Insulin was dosed at 2 IU/kg
nasally and 0.5 IU/kg by subcutaneous injection into the
scruff of the neck. Dose selection was based on the expected
pharmacodynamics of insulin be the respective routes. The
nasal formulations (0.1 ml/kg body weight) were administered
using a microsyringe (Hamilton Bonaduz AG, Switzerland)
attached via a needle to a short polyethylene tubing inserted
approximately 0.7 cm into one nostril.

Blood samples (140 ul) were collected in glucose fluoride
blood tubes (Sarstedt Ltd, United Kingdom) at 10 and 5 m
prior to dosing and serially for up to 4 h post dosing (11
samples) constituting 12%-13% of the total blood volume.
Plasma glucose analysis was performed using a GLUCO-
TREND® 2 Blood Glucose monitor (Roche Diagnostics,
Germany). The minimum blood glucose concentration
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(Coin), time to reach C;. (T,;,) were noted and area over
the curve (AOC) calculated using a Microsoft Excel spread-
sheet. The blood glucose data was used to estimate the phar-
macodynamic availability of nasally administered insulin F,y,,..
Mean values of C;in, Trnins AOC and Fy,, with standard de-
viations (SD) were calculated for each dose group.

In Vivo Studies in the Sheep Model

Six female crossbred sheep (Suffolk & Texel), weighing
61 +/- 2 kg, were allowed to acclimatize to the environmental
conditions within the School of Biomedical Sciences, Sutton
Bonington Campus, University of Nottingham, United King-
dom, for at least six days before commencing the study. Prior
to the study day, a cannula was implanted into the jugular
vein of each sheep under local anaesthesia (3 ml of 2% lig-
nocaine hydrochloride subcutaneously) by a Seldinger tech-
nique to enable blood sample collection. The study was per-
formed under a valid Home Office (United Kingdom Gov-
ernment) Project Licence and had received approval by the
Ethical Review Committee at University of Nottingham.

The study was of a nonrandomized crossover design in
six sheep, with a minimum washout period of 3 days between
successive doses. Food was withdrawn 1 h prior to dosing and
for the duration of each study leg. Water was available ad
libitum. The sheep were dosed a total of six times. To restrain
the animals during nasal dosing, sheep were administered
2.25 mg/kg ketamine hydrochloride (100 mg/ml) (Ketaset®,
Fort Dodge Animal Health Ltd, Southampton, United King-
dom), via the cannulated jugular vein, providing sedation for
about 3 m.

Insulin was administered at a fixed nominal dose of 100
IU nasally and 10 IU by subcutaneous injection into a shaved
region in the upper neck. The treatment schedule is shown in
Table II. Dose selection was based on the expected pharma-
codynamics of insulin by the respective routes. The nasal
doses were divided equally between the two nostrils. The
nasal liquids were administered from a 1 ml syringe via a
modified CB-18 spray actuator. (Valois, France) and the nasal
powder formulation using a Blueline siliconised tracheal tube
(Portex, United Kingdom) containing the pre-weighed dose
and one-way bellows. The nasal administration devices were
inserted approximately 7 cm into the nasal cavity.

Blood samples (5.7 ml) were collected from the cannu-
lated jugular vein of each sheep into serum tubes at 20 and 10
m prior to dosing and serially for up to 5 h post dosing (10

Table I. Summary of Insulin Formulations and Doses Administered to Rats

Insulin Insulin Chitosan Chitosan
content® dose glutamate base Dose volume
Form”F (IU/ml) (IU/kg) (mg/kg) (mg/kg) (ml/kg)
INS Sol SC* 0.4 0.5 N/A N/A 1.25
INS CHI Sol IN? 19.3 2.0 0.52 0.27 0.104
INS CHI NP IN° 33.0 2.0 031 0.16 0.061
INS CHI NP PL IN4 15.6 2.0 0.64 0.33 0.128

Note: N/A Not applicable.

“ Insulin solution, administered by subcutaneous (SC) injection (F1).

5 Insulin chitosan solution, administered intranasally (IN) (F2).

¢ Insulin chitosan nanoparticles loaded with insulin during production, administered IN (F3).
< Insulin chitosan nanoparticles post-loaded with insulin, administered IN (F4).

¢ As measured by HPLC.
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Table II. Summary of Insulin Formulations and Doses Administered to Sheep
Nominal Chitosan Dose volume
Insulin content Insulin content Insulin glutamate Chitosan or weight
Formulation (IU/ml or IU/mgt) (% of nominal)® dose (IU) (mg) base (mg) (ml or mgt)
INS Sol SC* 16.67 94.0 10 N/A N/A 0.6
INS Sol IN® 166.67 1004 100 N/A N/A 0.6
INS CHI Sol IN° 166.67 99.1 100 3.0 1.6 0.6
INS CHI PWD INY 3.78t 93.7 128 +13 29+3 15+2 34 + 4%
INS CHI COMPL IN® 166.67 91.2 100 30 1.6 0.6
INS CHI NP PL IN 166.67 N/D 100 3.0 1.6 0.6

Note: N/A Not applicable. N/D Not determined.

“ Insulin solution, administered by subcutaneous (SC) injection (F1).

® Insulin solution, administered intranasally (IN) (F2).
¢ Insulin chitosan solution, administered IN (F3).
9 Insulin chitosan powder, administered IN (F4).
¢ Insulin chitosan complex, administered IN (F5).

/Insulin chitosan nanoparticles post-loaded with insulin, administered IN (F6).
£ As measured by HPLC (all formulations were within + 10% of nominal insulin content).

samples) equal to 2% of total blood volume in each study leg.
Serum glucose and insulin analyses were performed at the
Clinical Chemistry Department, Queens Medical Centre,
University of Nottingham, United Kingdom. Post-dose blood
glucose concentrations (mmol/l) were expressed as percent-
ages of the average basal (pre-dose) concentration (% of
basal). Values of C_;,, T, and AOC were calculated as
previously described.

Insulin Serum Sample Analysis

Insulin serum sample analysis was performed using a
Coat-A-Count® insulin assay kit (DPL Division, EURO/
DPC Ltd, Gwynedd, United Kingdom). The Coat-A-Count®
insulin procedure is a solid-phase radioimmunoassay, in
which '*I-labelled insulin competes with insulin in a test
sample for sites on an insulin-specific antibody. Because the
antibody is immobilized to the wall of a polypropylene tube,
simply decanting the supernatant of the incubation mixture
suffices to terminate competition and to isolate the antibody-
bound fraction of the radiolabelled insulin. The radioactivity
counts are obtained by means of a gamma counter. The in-
sulin concentration of the samples was calculated from an
insulin standard curve using RIA-CALC software. The maxi-
mum blood insulin concentration (C,,,,) and time to reach
Cinax (Tmax) Were noted for each animal and values of area
under the insulin curve (AUC) calculated using a Microsoft
Excel spreadsheet. The bioavailability of nasal insulin (F,.;)
to subcutaneous injection was calculated, see Table VI. Mean
values of C_,,, Tiaxs AUC and F,,, with standard deviations
(SD) were calculated for each dose group.

Statistical Analysis

Statistical analysis was performed on the data obtained in
the in vivo studies by one-way analysis of variance (ANOVA)
with Tukey-Kramer Multiple Comparisons Post test using
GraphPad InStat™ software (GraphPad Software, Inc., San
Diego, California). Throughout the level of significance was
chosen as less than 0.05 (i.e., P < 0.05). The Post test was
performed only if findings of the ANOVA were significant.

RESULTS AND DISCUSSION

Nanoparticle Preparation

Preliminary experiments were performed with the objec-
tive of identifying the optimal chitosan glutamate and TPP
concentrations for the achievement of ionic gelation and
nanoparticle formation. The results are presented in Fig. 1.

The zone of the opalescent suspension corresponding to
a suspension of nanoparticles was associated with a formula-
tion containing a final chitosan glutamate concentration in the
range 1-3 mg/ml and a final TPP concentration in the range
0.2-0.5 mg/ml. These findings were comparable to the results
reported previously by Calvo et al. (18), who found the opti-
mal final chitosan (Seacure® 123) and TPP concentrations to
be in the order of 1-3 mg/ml and 0.2-1.0 mg/ml, respectively.
The optimal chitosan/TPP ratio on a weight-to-weight basis in
the Calvo et al. study was found to be between 3 and 5,
whereas in the present study the ratio was about 6 to 7. The
difference in optimal ratio is probably due to use of the chi-
tosan hydrochloride salt in the Calvo et al. study which con-
tains approximately 82% chitosan base as compared to the
chitosan glutamate which contains about 55% chitosan base.
From these results the use of initial concentrations of TPP
and chitosan glutamate solution concentrations of 0.84 mg/ml
and 2 mg/ml, respectively for preparation of the nanoparticles
were selected, which gave a chitosan/TPP weight to weight
ratio of 6/1.

To achieve the desired chitosan glutamate concentra-
tions and insulin concentrations in chitosan nanoparticles, it
was necessary to concentrate the chitosan nanoparticle for-
mulation by centrifuging, prior to drug loading for the post-
loaded nanoparticles and after preparation for the nanopar-
ticles loaded with insulin during production. The theoretical
yield from 10 ml of nanoparticle suspension was between 17
mg and 20 mg (equivalent to about 0.2% w/v nanoparticle
suspension). Following centrifuging, a yield of 35%~-50% w/w
was obtained (e.g. 50.1% w/w,n = 9, %RSD = 7.6). The low
yields were similar to previously reported (19). The release of
insulin from both types of nanoparticles was found to be com-
plete within 1 h (data not shown). These release rates were
similar to the ones obtained by Fernandez-Urrusuna (19,20).
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Fig. 1. Identification of chitosan and TPP concentrations appropriate to nanoparticle formation.

It is recognized that the effectiveness of chitosan in en-
hancing drug absorption is attributable to the ionic interac-
tion between the positively charged amino groups in chitosan
and the negatively charged sialic acid residues in mucin and
on the epithelial cells is dependent upon the polymer retain-
ing its cationic charge (1). Previous workers have shown that
increasing the concentration of TPP relative to chitosan, al-
though it causes an increase in nanoparticle yield, also not
surprisingly, causes a reduction in the positive charge of the
nanoparticles (19). However, a systematic study of the effect
of surface charge on the absorption promoting ability of the
chitosan nanoparticles has not been reported in the literature.
In the present work, the potential for increased nanoparticle
yield was balanced against a potential reduction in the posi-
tive charge of chitosan; hence the preferred chitosan gluta-
mate/TPP w/w ratio was selected as 6/1, leaving a surplus of
positive charges on the nanoparticles. In addition, whilst it
may be possible to manufacture appropriate volumes of this

product for in vivo administration to animals, the rather low
nanoparticle yield raises the question about the suitability of
these nanoparticles for clinical use and subsequent commer-
cialisation.

Characterization of Nanoparticles

The various types of nanoparticles were characterized in
terms of particle size and zeta potential by PCS and LDA,
respectively (Table IIT). The nanoparticles not loaded with
insulin were shown to have a mean particle size around 250
nm and a positive zeta potential of 28.9 mV.

An increase in mean particle size was noted following
centrifuging and re-suspending of chitosan nanoparticles in
insulin solution. For post-loaded insulin-chitosan nanopar-
ticles, the mean particle size was independent of both the
insulin and the chitosan concentrations whereas for the zeta
potential a significant increase in positive charge could be
seen for an increase in chitosan concentration from Smg/ml to

Table III. Characterization of Chitosan Nanoparticles

Insulin Chitosan Zeta
concentration  concentration Particle size potential

Type of nanoparticle (IU/ml) (mg/ml) (mean + SD) (nm) (mV)
CHI NP (before centrifuging) 14 246.5 + 38.2 28.9+04
CHI NP (after centrifuging) 5 575.9 £ 93.7 33502
INS CHI NP PL* 20 5 751.8 +109.6 37212
INS CHI NP PL* 166 5 860.1 + 124.4 39307
INS CHI NP PL* 166 7.5 7135 £2274 33405
INS CHI NP PL” 166 10 7173 £ 73.0 43.7+03
INS CHI NP (before centrifuging)® 9.5 14 3475+ 1420 30207
INS CHI NP (after centrifuging)® 34 5 472.6 £433 25.0+09

¢ INS CHI NP PL: Insulin chitosan nanoparticles post-loaded with insulin.
® INS CHI NP: Insulin chitosan nanoparticles loaded with insulin during production.
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10 mg/ml. As a control, chitosan nanoparticles were re-
suspended in ultra pure water with the objective of establish-
ing a possible explanation for the apparent increase in particle
size. After centrifuging, the mean size increased from 247 to
576 nm, probably due to some agglomeration. For the nano-
particle systems loaded with insulin during the production
process, the mean particle size was not significantly affected
by centrifugation and re-dispersion. It can be concluded that
the inter-particle association of nanoparticles may partly be
occurring as a consequence of the presence of insulin, but is
mostly attributable to the process of centrifugation followed
by re-dispersion. For all nanoparticle systems the mean par-
ticle size was below 1 pm.

To have a nanoparticle system that was simpler to pre-
pare and could be manufactured with a higher yield, we in-
vestigated the possibility of forming nanoparticles by co-
precipitation of insulin and chitosan in the absence of TPP. By
carefully selecting the process parameters, especially the pH
of the insulin and chitosan solutions it was possible to prepare
complexes between the positively charged chitosan and nega-
tively charged insulin. The charge carried by insulin will de-
pend upon pH. Below the isoelectric point (5.3-5.35) insulin
carries a net positive charge and is soluble below pH 4.5.
Above the isoelectric point the insulin carries a net negative
charge and is soluble above pH 6.3. It was found that a mix-
ture of a 2 mg/ml chitosan solution at pH 5.5 and a 2 mg/ml
insulin solution at pH 7.0 gave an opalescent solution indi-
cating that nanoparticles had formed. The insulin-chitosan
complex particles were characterized in terms of particle size
and zeta potential. It can be seen that freshly made, the mean
size of the complexes were 751.8 +/— 74.7 nm and the zeta
potential was +45.9 +/— 0.9 mV. The complexes were concen-
trated by freeze-drying and re-suspending in a smaller volume
of water. After freeze-drying and re-suspending, the particle size
increased to 1402.9 +/- 285.7 nm indicating that some agglom-
eration had taken place. The zeta potential was found to be 41.2
+/- 0.8 mV, slightly lower than before freeze drying.

In Vivo Studies

The pharmacodynamic parameters after nasal applica-
tion of the various insulin formulations in the rat are given in

Dyer et al.

Table IV. Following subcutaneous injection of 0.5 TU/kg in-
sulin, values of C_;, and T, were in the region of 67% of
basal glucose concentration and 81 min., respectively. The
insulin-chitosan solution formulation appeared to perform
better than both of the insulin-chitosan nanoparticle formu-
lations, with values for C_;, in the region of 40% and T, of
90 min, respectively and the Fy,, of about 48%. The values
for Fyy,, for the insulin-loaded chitosan nanoparticles and the
post-loaded insulin-chitosan nanoparticles were 38% and
37%, respectively. The insulin-loaded chitosan nanoparticles
and the post-loaded insulin-chitosan nanoparticles showed
similar effects on the plasma glucose levels. However, de-
creases in blood glucose concentrations were observed after
the nasal administrations were not statistically significant (P >
0.05) (Table IV). Hence, these data showed that in the rat
model the insulin-chitosan nanoparticle formulations offered
no advantage to the nasal insulin-chitosan solution formula-
tion in terms of the nadir and overall hypoglycaemic re-
sponse.

The nasal absorption of insulin was also investigated in
the conscious sheep model since it has been shown that the
use of anaesthetised animals, such as the rat model in the
present study, most often overestimates the nasal absorption
of drugs such as insulin. This is due to the partial impairment
of the mucociliary clearance mechanism (23,24). Further-
more, the sheep model has been shown to be very predictive
of the nasal absorption of drugs in man (9). Due to the
amount of insulin needed to be administered in this larger
animal model, it was not possible to investigate the insulin-
loaded chitosan nanoparticles as opposed to the post-loaded
insulin-chitosan nanoparticles, where the concentration of in-
sulin could be significantly increased. Based on the previous
results by Fernandez-Urrusuno et al. (19,20) and the results in
the present rat studies, it was expected that there would be no
major difference in insulin absorption whether the insulin was
incorporated during production or post-loaded. The pharma-
codynamic parameters obtained in the sheep model after na-
sal administration of the various formulations are given in
Table V and serum insulin concentrations and pharmacoki-
netic parameters are shown in Table VI and Fig. 2, respec-
tively.

Table IV. The Pharmacodynamics of Insulin in Rats

T Coiz AOC Fuyn
Formulation n (min) (% basal glucose) (% glucose.min) (%)

INS Sol SC° 5 81.0+91.6 672114 3788.5 + 2659.1 100.0 £ 70.2
INS CHI Sol IN? 5 93.0+674 40.1+6.1 7262.8 £2933.9 479 +19.4
INS CHI NP IN° 6 120.0 + 111.7 59.7 +28.8 5714.9 + 5736.4 37.7+379
INS CHI NP PL IN“ 5 107.5 + 81.8 529+ 14.4 54779 +2035.4 36.1+134
One-way ANOVA* P>0.05 P>0.05 P>0.05 P>0.05
One-way ANOVA/ P>0.05 P>0.05 P>0.05 P>0.05

Note: NA Not applicable.

Fdyn* = (individual AOC,y o, sc X Dosego/mean AOCg x Doseyy o sc) X 100. Calculated for each individual
animal following IN or SC administration relative to mean AOC following SC administration.

Data given as mean + SD (sample size, n, is given in the Table).

“ Insulin solution, administered by subcutaneous (SC) injection (F1).

® Insulin chitosan solution, administered intranasally (IN) (F2).

< Insulin chitosan nanoparticles loaded with insulin during production, administered IN (F3).

4 Insulin chitosan nanoparticles post-loaded with insulin, administered IN (F4).

¢ Comparisons made of all formulations (F1-F4).

f Comparisons made only of the nasal formulations (F2-F4).
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Table V. The Pharmacodynamics of Insulin in Sheep

Tmin Cmin

AOC

Formulation (min) (% basal glucose) (% glucose.min)
INS Sol SC* 85.0+29.5 431 £3.8%0¢ 10472.4 + 1209.0"m
INS Sol IN® 63.3 £ 63.9 79.5 + 8.62demabd 2117.2 + 1028.0-"o-eehh
INS CHI Sol IN® 67.5+125 53.0 + 10,4%f82a.ccdd 4631.8 + 1176.6%-"Paeiiikk
INS CHI PWD IN“ 90.0+9.5 38.1 + 54chibbeett 8662.7 + 1634,30prshhitllmm
INS CHI COMPL IN°® 51.3+23.9 73.3 £ 13.50fhecee 2543.0 + 1414.6'iil0
INS CHI NP PL IN 463 £12.0 72.6 £ 94 ;i gase 2301.5 + 588.4maskkmm
One-way ANOVA# P>0.05 P <0.0001 P <0.0001
One-way ANOVA* P>0.05 P <0.0001 P <0.0001

Note: Only significant relations are indicated, for all other comparisons made P > 0.05. Data given as

mean + SD (n = 6).

NA Not applicable.

4 Insulin solution, administered by subcutaneous (SC) injection (F1).

b Insulin solution, administered intranasally (IN) (F2).

¢ Insulin chitosan solution, administered IN (F3).

4 Insulin chitosan powder, administered IN (F4).

¢ Insulin chitosan complex, administered IN (F5).

/ Insulin chitosan nanoparticles post-loaded with insulin, administered IN (F6).

8 Comparisons made of all formulations (F1-F6). Tukey-Kramer Multiple Comparisons Test following
ANOVA: abedehijilmoprs, p < 0001, 8 P < 0.01, ™% P < 0.05.

» Comparisons made only of the nasal formulations (F2-F6). Tukey-Kramer Multiple Comparisons Test
following ANOVAY{: #abbecdthhiillmm. p o g 001, e=ddesiikk; p < 005.

pharmacodynamics of insulin were significantly improved (P
< 0.05) relative to nasal control after nasal administration of

After the subcutaneous injection of insulin (dose 10 IU)
serum blood glucose values declined to about 45% (C,.;,) of

basal levels with a T,;, of 85 min (Table V). Corresponding
insulin data showed values of C_,, and T, ., of about 191
pIU/ml and 14 min respectively (Table VI). Serum insulin
levels remained elevated for the duration of the study and for
some animals, in contrast to nasally administered insulin, had
not returned to basal concentrations by 300 min. The absorp-
tion of insulin from the control nasal insulin solution (100 IU
dose) was poor with C,,, in the region of 53 nIU/ml and the
relative bioavailability only 0.5%. The pharmacokinetics and

the chitosan based solution and powder formulations. For the
insulin-chitosan solution formulation (100 IU dose) values of
Cinaxs Tmax and F,, were about 179 pIU/ml, 28 min. and
3.6%, respectively (Table VI). The T,,, occurred at 28 min.
but the insulin serum levels 5 min after dosing, were compa-
rable to those obtained at T, for the chitosan nanoparticles
and complex formulations. The improved insulin absorption
after nasal administration of the insulin-chitosan solution for-
mulation was supported by the coresponding glucose data.

Table VI. The Pharmacokinetics of Insulin in Sheep

i QR AUC

Formulation (min) (rIU/ml) (rIU/ml.min)) Frel (%)
INS Sol SC* 142+9.2° 190.5 + 102.5¢ 18657.5 + 6579.1+m-n0p 100
INS Sol IN® 11.7 + 5.2bcmabb 52.6 +27.00% 917.2 + 491.7' 94 05+0.1"
INS CHI Sol IN°¢ 27.5 1 14,7bdmace 179.1 + 65.54e# 6581.3 + 2575.0™"*% 3.6 £ 0.8°
INS CHI PWD IN“? 40,0 £ 7.78c-cLbbddee 743.1 + 259.08 ik f.egh.ii 38201.4 + 13286™arstipkkllmm 17.0 £ 6.67"0PPad
INS CHI COMPL IN° 11.7 £ 5.2¢eccdd 66.9 + 24,1340 2308.7 + 817.5°4 1.8 £ 0.97°
INS CHI NP PL IN 15.0 £ 0.0%= 106.2 + 98.9%4 22494 + 1985.6°4m 1.3+0.89
One-way ANOVA? P <0.0001 P <0.0001 P <0.0001 N/A
One-way ANOVA* P <0.0001 P <0.0001 P <0.0001 P <0.0001

Note: Only significant relations are indicated, for all other comparisons made P > 0.05. Data given as mean + SD (n = 6).

NA Not applicable

“ Insulin solution, administered by subcutaneous (SC) injection (F1).

% Insulin solution, administered intranasally (IN) (F2).

¢ Insulin chitosan solution, administered IN (F3).

“ Insulin chitosan powder, administered IN (F4).

¢ Insulin chitosan complex, administered IN (F5).

/ Insulin chitosan nanoparticles post-loaded with insulin, administered IN (F6).

Frel* = (AUCy x Doseg/AUCgc x Doseyy) x 100. Calculated for each individual animal relative to SC data from the same animal.

£ Comparisons made of all formulations (F1-F6). Tukey-Kramer Multiple Comparisons Test following ANOVA:; 2cetehiiklopgrst
P <0001, °: P < 001, ®4™ P < 0.05.

% Comparisons made only of the nasal formulations (F2-F6): Tukey-Kramer Multiple Comparisons Test following ANOVA:
bb,dd.ee.(f.gg.hh,ii,ij,kk‘ll.mm.nn,oo.pp,q: Pc< 0‘001, aace. p +(),05.
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Fig. 2. Serum insulin concentrations following the nasal or subcutaneous administration of various insulin formulations
to sheep. The insert figure is enlarged from the main figure containing the serum insulin profiles for all but the

insulin-chitosan powder formulation. (n = 6)

Both the post-loaded insulin-chitosan nanoparticles and the
insulin-chitosan complexes were significantly less effective (P
< 0.05) in lowering the blood glucose levels than the insulin-
chitosan solution formulation. After nasal dosing of the nano-
particle and complex formulations (100 IU doses) values of
Conax Were in the region of 106 pIU/ml and 67 pnIU/ml with
corresponding T, ., of 15 and 12 min., respectively (Table
VI). As for the control formulation, elevation in serum insulin
levels after dosing these formulations were relatively short
lived (<60 min.) which was reflected in the F,.; obtained of
1.3% and 1.8%, respectively. These values were significantly
(P < 0.001) lower than that obtained after dosing the insulin-
chitosan solution formulation. There was no significant dif-
ference between the pharmacokinetic/pharmacodynamic pa-
rameters obtained for the chitosan nanoparticles and com-
plexes compared to the control solution. A substantial
improvement (F,., 17%) in the nasal absorption of insulin was
observed after dosing the insulin-chitosan powder formula-
tion (average dose 128 IU). Values of C,,,, and T, were
around 743 pIU/m] and 40 min., respectively (Table VI) and
insulin serum levels were elevated for 120~180 min. Appre-
ciable increase in serum insulin concentrations was observed
after 15 min (Fig. 2). F,,, was significantly higher (P < 0.001)
after dosing the chitosan powder formulation than after dos-
ing any of the other nasal formulations. This was also sup-
ported by the glucose data with significantly better AOC (P <
0.05) for the chitosan powder formulation than for the other
nasal formulations. Notably, the nadir in glucose levels for
this formulation was comparable to that obtained after sub-
cutaneous administration although the hypoglycaemic re-
sponse was less prolonged.

It was previously shown for other drugs such as goserelin,
that a chitosan powder formulation was better at enhancing
the nasal absorption of the drug than the corresponding chi-
tosan solution formulation with bioavailabilities of 25.6% and
11.8%, respectively (10). The improved effect of the chitosan

powder as compared to the chitosan solution can be readily
explained by the longer residence time of the powder (T,, =
115 min) in the sheep nasal cavity, as compared to the chito-
san solution (T,,, = 45 min) (25). This longer residence time
will promote increased transport of the insulin across the na-
sal mucosa. Furthermore, the absorption of water from the
mucosa by chitosan powder may have an additional effect on
the opening of the tight junctions.

The results obtained in the present study on the effect of
the chitosan nanoparticles on nasal absorption of insulin com-
pared to the chitosan solution formulation are not in agree-
ment with the results from Fernandez-Urrusuno et al. (19,20).
These workers reported the superior efficacy of insulin-
loaded nanoparticles as compared to chitosan solutions in
terms of their ability to enhance insulin absorption via the
nasal route. As can be seen from Table VII the characteristics
of the nanoparticles used in the two studies are quite similar
with the major difference being the dose of insulin, the nano-
particle size range, and the animal models used. The differ-
ence in particle size of about 300400 nm should not be criti-
cal. As discussed in the Fernandez-Urrusuno et al. publica-
tions, the effect of the nanoparticle system is most likely due
to an effect of the positively charged chitosan particle on the
epithelial membrane. This is mainly in terms of bioadhesion
and possibly transient opening of the tight junctions and is not
likely due to the particles being transferred across the nasal
membrane. In support of this, it was shown by our own group
that even polystyrene particles (100 nm in diameter) coated
with chitosan were only taken across the nasal membrane to
a very low degree (<3% over 3 h) (26).

The chitosan used in the present studies was chitosan
glutamate with a mean molecular weight of 205 kDa and a
degree of deacetylation of about 83%. The chitosan used in
the Fernandez-Urrusuno et al studies was chitosan HCI with
a mean molecular weight of 130 kDa and a degree of deacety-
lation of >70%. It has been shown previously that the degree
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Table VII. A Comparison between Characteristics and Doses of Nanoparticles Used in the Study by
Fernandez-Urrusuno et al. [19,20] and the Nanoparticles Used in the Present Study

Formulation Insulin dose ~ Chitosan dose =~ Mean particle =~ CHI/TPP  Zeta potential
(Reference) (IU/kg) (mg/kg) size (nm) ratio (mV)
Rabbits 5 0.16 300 6/1 25-54
(23,24) 0.35 400
Rats 2 0.5 473 6/1 25.0
INS CHI NP* (423-501) (23.7-25.7)
Rats 2 0.5 752 6/1 37.2
INS CHI NP PL® (671-877) (35.5-38.3)
Sheep 2 0.1 717 6/1 437
INS CHI NP PL? (660-799) (43.8-44.0)

“INS CHI NP: Insulin chitosan nanoparticles loaded with insulin during production.
b INS CHI NP PL: Insulin chitosan nanoparticles post-loaded with insulin.

of deacetylation is critical for the absorption promoting effect
and that the lower the degree of deacetylation the less the
absorption promotion (27,28). Similarly, it was shown that the
molecular weight had some importance in that a molecular
weight of at least 100 kDa was needed to obtain the optimal
effect (29). Hence, it could be expected that the chitosan used
in the Fernandez-Urrusuno er al. studies might have had a
lower effect on absorption promotion, at least as a solution
formulation.

It should be noted that the insulin absorption data in
terms of blood glucose profiles and plasma insulin levels seen
in the rat and the sheep studies are very similar to results from
studies in rats and sheep previously published by our group
(5,11,23). Chitosan solution has also been shown to have a
very good absorption promoting effect on other drugs such as
morphine (F = 60%) and goserelin (F = 12%) (9,10).

It can be concluded from these studies, that both chitosan
solution and chitosan powder formulations are superior in
terms of their nasal absorption promoting ability compared
with chitosan nanoparticulate systems such as those prepared
by ionic gelation of chitosan and TPP (19,20) and those de-
scribed in the present paper prepared by complexation be-
tween chitosan and insulin. It can further be concluded that
for nasal absorption of insulin, the chitosan powder formula-
tion was superior to the chitosan solution formulation.
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Abstract— Detection of latent fingerprints using lipophilic and
polycationic polymer chitosan has been explored. The gold
nanoparticle deposition on chitosan treated latent fingerprints
enhances contrast, making the fingerprint identification possible.
Chitosan being the second most abundant natural polymer, this
technique can be an inexpensive and efficient method for
fingerprint enhancement and its subsequent detection. This
simple technique has a potential of immediate application in
forensic science.

Index Terms— nanoparticle, forensic, gold, fingerprint,
colloid, chitosan

I. INTRODUCTION

Fingerprint detection is probably the oldest form of
biometrics, practiced in criminal investigations over a century
as a physical evidence, for identifying subjects through their
unique natural characteristics comprising the pattern of ridges
on a person's fingertips. Tracing the sequence of the
arrangement of ridges on the finger pads matches of an
individual to a database of available fingerprints becomes
possible [1].

A latent fingerprint is formed as the sweat pores of the
papillary ridges leave a deposit of perspiration on a surface with
which the finger has been brought into contact [2]. About 99 %
of this deposit is water, which soon evaporates to leave behind
micrograms of residue. About a half of this residue is a complex
mixture of organic ingredients such as lipids, amino acids,
vitamins, etc [3]. Latent prints left by the skin's natural oils and
secretions may not be visible to the naked eye but several
techniques are available to enhance their contrast for
observation. Traditional techniques for fingerprint detection
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involve e.g. dusting, physical developers, ninhydrin,
diaza-1,8—fluorene-9—one (DFO) and iodine methods. The
widely used dusting (powdering) technique, in contrast to the
presented technique, cannot be used for the latent fingermarks
with residue less than a specific amount and on wet surfaces.
Also prints covered with a layer of dust have not shown
acceptable results for powder treatment. Some new powder
solutions and alternate spray reagents for the detection of latent
fingerprints endanger hazard risks [4, 5]. The emerging
techniques of DNA profiling which began to be used since
mid-80’s are of comparable identification value, but are
expensive, very time-consuming, and require extreme care
against sample contamination in the laboratory.

In the present work, gold nanoparticles treated with chitosan
have been used to attach to the lipids in the latent fingerprint. In
the conventional fingerprint detection techniques, reagents are
known to react with sodium chloride, fatty acids or amino acids
present in the fingerprint residue [3] to add color to the
fingerprint. The use of colloidal gold for latent fingerprint
development has been demonstrated earlier by Saunders et. al.
[6] with further optimization later by Schnetz and Margot [7]
and it was shown that the method could be used for both porous
and non-porous substrates. However, the optimization outlined
by Schnetz and Margot made the actual technique very
complicated and dependant on various parameters of reagent
synthesis, environment and application procedure. Furthermore
detailed explanation of the mechanism of gold nanoparticles
attachment to the fingerprint was not provided. The main
objective of this work is to arrive at a better understanding of
the mechanisms involved during the fingerprint detection using
gold nanoparticles, leading to a simplified, yet efficient
technique for the detection of latent fingerprints.

The proposed technique of latent fingerprint highlighting
through gold nanoparticles deposition on a bioadhesive
polymer (i.e. the chitosan) treated samples is a non-destructive
method avoiding removal of any of the physical evidence
characteristics. Also, compared to the recently developed
techniques for fingerprint detection, like gas chromatography,
mass spectrometry, infrared spectro-microscopy and
micro-X-ray fluorescence clemental imaging, the degree of
identification is not dependent on the prior knowledge of the
materials handled by the subject [8, 9, 10].

II. EXPERIMENTAL

The experimental process in the laboratory started with a
trace of fingermark taken on a microscope glass slide cleaned



properly with ethanol. The finger marked glass slide was then
left to dry over night for minimizing the amount of residue to
determine the sensitivity of the proposed technique. The gold
colloids were synthesized by adding 2.0 ml of 5 mM HAuCl,
aqueous solution to 50 ml of deionized (DI) water and heating
the mixture to boiling point. At boiling stage 1.2 ml of 25 mM
aqueous monosodium glutamate (MSG) was added and
continued to heat for further 10 minutes. This synthesis of gold
nanoparticles is similar to Turkevitch process with trisodium
citrate replaced by MSG [11].

As a first approach towards the development of collected
latent fingermark, the gold colloids were capped with chitosan
(low viscous from Sigma-Aldrich). This was achieved by
adding 1 ml of 1 % chitosan to 100 ml of colloidal gold solution
to obtain a final chitosan concentration of 0.01 %. Too little
concentration of chitosan lead to partial capping and too high
concentration of chitosan resulted in the agglomeration of the
gold nanoparticles [12]. Fingermarked slides were dipped into
these modified colloidal gold solutions and left overnight.

The second technique involved a pre-dipping step in which
the fingermarked slides were soaked into 0.2 %, 0.6 %, 1.0 %
and 1.5 % concentrated solutions of chitosan. The slides were
then rinsed with DI water, heated in an oven for a few minutes
at 80 °C and then immersed into 40 ml of ‘as made’ colloidal
gold solution. Following this step, 7 g of MSG was added to
purposely agglomerate the gold nanoparticles on the slide
containing the fingerprint and left for 6 to 7 hours. The glass
slides were then rinsed with DI water to develop the latent
fingermark.

II. RESULTS AND DISCUSSIONS

Lipids form a major organic component of a fingerprint
residue [3]. The long carbon chains of chitosan molecules
render them lipophilic. At the same time, chitosan has
poly-cationic nature in dilute acidic conditions (pH range of
3-4) due to protonation of its amine groups. This creates an
electrostatic force of aftraction towards the gold colloids
stabilized by negatively charged glutamic ions adsorbed on
gold nanoparticles [12]. Result is the attachment of chitosan
molecules to the gold colloids. The chitosan-capping changes
the surface chemistry of gold colloids making them lipophilic.
Gold nanoparticles (capped with chitosan) are then attracted
towards the lipid residues within latent fingermark improving
its contrast, as shown schematically in figure 1.

The developed latent fingerprint due to attachment of the
chitosan capped gold nanoparticles (Chitosan-AuNP) to
fingermark ridges using technique 1 is shown in figure 2. The
number of gold nanoparticles attached to the ridges and hence
the contrast of developed fingerprint using technique 1 was
dependent mainly on the brownian motion of the colloidal
nanoparticles in the suspension. Thus even a prolonged dipping
of fingermarked slides into Chitosan-AuNP solution resulted in
a marginal improvement towards the visible contrast of the
latent fingerprint.
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Figure 1: A schematic representation of technique 1 (A) chitosan carbon chains
with ionic ends and gold nanoparticles, (B) the ionic ends of carbon chains
attaching to the gold nanoparticles making them lipophilic (C) the hydrophobic
(lipophilic) ends of long carbon chains burying themselves into the lipid
residues of the latent fingermark.
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Figure 2: Developed latent fingerprint using technique 1; dipping the
fingermarked glass slides into chitosan capped colloidal gold solution for 15-20
hrs followed by rinsing through DI water.

The development time and the contrast were improved with
technique 2 that involved forced agglomeration of ‘as made’
gold colloids onto the fingermark ridges that had been
pre-treated with chitosan solution. The fingermarked slides
were pretreated with various concentrations of chitosan
solution so that the chitosan could attach to the lipid residues
exposing their cationic part to the solution. These dangling
cationic moiety of chitosan are expected to attract gold
nanoparticles in its vicinity through electrostatic interactions.
The purpose of using various concentrations of chitosan in
technique 2 was to find the optimum conditions of attachment
of chitosan molecules to the ridges of the latent fingermark.
Too less chitosan concentration could result in a very weak
contrast (comparable to technique 1) whereas too high
concentration could completely hide the latent pattern. Figure 3
shows the schematic representation of the mechanism involved
in technique 2.
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Figure 3: A schematic representation of technique 2 (A) polycationic chitosan
molecules with long carbon chains and fingermark residue (B) the hydrophobic
carbon chains attaching themselves to the lipid residues (C) negatively charged
gold nanoparticles attachment to the cationic ends of chitosan molecules

through electrostatic force of attraction.
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Figure 4: Developed latent fingerprints using rechnique 2: ‘A’ samples are
dipped into chitosan solution for 15 minutes whereas ‘B’ samples for 30
minutes; Al, Bl) 0.2 % chitosan, A2, B2) 0.6% chitosan, A3, B3) 1.0%
chitosan and A4, B4) 1.5 % chitosan.

Latent fingerprints developed using technique 2, are shown
in figure 4. The attachment of forcedly agglomerated gold
colloids to the chitosan pre-treated fingermarks can be seen
from the results in figure 4 which proves the concept of
technique 2. The latent fingermark revealed quite clearly for
1.0 % chitosan with dipping time of 30 minutes (sample B3,
figure 4). Ridges could be identified making the binning [13] of
fingermark quite easy (figure 5).
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Figure 5: A magnified view of developed ridges of latent fingermarks with
optimized treatment ‘B3’ of technique 2. (A) represents area between the ridges
with negligible gold agglomerates. (B) highlighted ridges with agglomerated
gold colloids.

The improved contrast in the results of technique 2 when
compared to technique 1 was due to the addition of
monosodium glutamate (MSG) that destabilized the
electrostatic double layer of the gold colloids causing
agglomeration of nanoparticles [12] (figure 6).
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Figure 6: Agglomerated gold colloids on the ridges of developed fingermark.

At lower concentrations (samples Al, A2, Bl, B2; figure 4)
only partial chitosan coverage of the lipid residues was
observed and this coverage became even less after rinsing steps
involved making it difficult to identify a specific ridge pattern

after development with gold nanoparticles.

Higher concentrations of chitosan (samples A4, B4; figure 4)
caused increased resistance to the flow of chitosan in-between
the ridges due to high viscosity and resulted in a thin chitosan
layer over the whole fingerprint area, affectively hiding the

ridge patterns.

The dipping time of latent fingermark into chitosan solution
considerably affects the diffusion of long molecular chains of
chitosan into lipid residues and hence becoming a fine tuning
factor for the results of this proposed technique for fingerprint
identification. Taking the treatment of sample B3 in figure 4
(1 % chitosan with 30 minutes dipping time) as the optimized
one, going away from this optimized treatment in any direction
in terms of dipping time and concentration, the results are not
acceptable as can be observed from figure 4. To check the
repeatability of the proposed technique, different latent
fingermarks with different amount of residues were developed
using the proposed method. The results were quite acceptable

as shown in figure 7.
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Figure7: Developed latent fingerprints with different amounts of residues
from different subjects using the proposed optimized method.

IV. CONCLUSIONS

We have demonstrated a new technique for the enhancement
of latent fingermarks utilizing a lipophilic natural polymer,
namely chitosan that aids the attachment of gold nanoparticles
onto the latent fingerprints to enhance the optical contrast.
Forced agglomeration of gold nanoparticles onto the lipid
residues pre-treated with lipophilic chitosan was found to be the
most optimum method and excellent contrast was obtained for
1% chitosan with 30 minutes of treatment time and its
subsequent development in agglomerated colloidal gold
solution for a development period of 6 to 7 hours. The obtained
contrast clearly distinguishes the ridges and this method stands
a good chance to be applied for forensic identification. Work is
on way in the laboratory to further confirm the mechanism of
the enhancement and further optimization to shorten the
treatment time to obtain the best contrast.
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Abstract

A study was conducted to investigate whether certain dactyloscopic powders and reagents can recover latent fingerprints on human skin
surfaces. Four fingerprint powders, Magnetic Jet Black, Magnetic Silver, Silver Special, Swedish Black, and two other methods, cyanoacrylate
fuming (CA) and Ruthenium tetroxide (RTX), were used. Having examined skin surfaces with a forensic light source, we observed that the
fingerprint impressions remained visible up to 15 min after intentionally placing them on the skin surface of living subjects and dead bodies.
Finger marks were recovered and positive results were achieved with Magnetic Black and Swedish Black powder on living subjects. On dead
bodies finger marks treated with cyanoacrylate were visible but those treated with RTX, Swedish Black and Magnetic Jet Black powder were
useful for potential comparison. On dead bodies best results were obtained with RTX method.
© 2007 Published by Elsevier Ireland Ltd. on behalf of Forensic Science Society.

Keywords: Human skin; Latent fingerprints; Recovery; Swedish Black powder; Biological traces

1. Introduction

According to expert forensic literature, human skin is con-
sidered to be one of the least convenient surfaces for recovering
ridge skin impressions [1]. It is evident that some eliminating
components are present in both friction ridge prints and on the
skin surface of a body. To date, no similar research has been
undertaken by Slovenian forensic experts, however forensic
literature reports several detection procedures for recovery of
fingerprints from human skin. Sampson et al. [2] successfully
carried out processing techniques for recovery of latent
fingerprint evidence from human skin, whereas Delmas [3]
presented the use of luminous magnetic powder coupled with
cyanoacrylate fumes and laser post-mortem examinations. He
examined intentionally deposited fingerprints on the skin of five
victims with the time interval between death and deposition of
prints ranging from 35 min to 36 h whilst the time interval

* This article was previously published in Kriminalistik (2 German language
journal).
* Corresponding author. Tel.: +386 1 47 24 462; fax: +386 1 47 34 789.
E-mail addresses: matej.trapecar@policija.si (M. Trapecar).
joze.balazic@mf.uni-lj.si (J. Balazic).
! Tel.: +386 1 543 72 00; fax: +386 1 52 44 974,

between placing the latent prints and examination ranged from 1
to 5 h. He obtained positive results in four cases.

Fingerprint detection is conduéted in a given sequence {4].
Following visual examination, the examiner uses various
sources of light, e.g. flashlight, UV-light and forensic light
source (FLS). Direct lifting methods are then used such as lifting
paper or tape. Cyanoacrylate (CA) fuming followed by magna
powder is also used and these are considered to be the most
successful method for detecting fingerprints on human skin [5].
When using the CA fuming method, humidity control is very
important [6] as excessive humidity may cause condensation.
Fuming produces best results if victims are examined at room
temperature where relative humidity is approximately 66%. In
such circumstances, thenoy! europium chelate may be used as a
fluorescent dye [7]. Mashiko and Miyamoto [8] achieved posi-
tive results of fingermark recovery from human skin by means of
the RTX method which Hebrard and Donche [9] used in their
study of detection methods on 16 living persons and 23 dead
bodies in addition to powdering [10-12], iodine fumes [11,12]
and CA fuming {2].

Before recovering finger marks the skin surface has to be
examined thoroughly. Prior to applying any technique, details
conceming death, transportation and body storage have to be
considered. The selection of which technique to use also

1355-0306/$ - see front matter © 2007 Published by Elsevier Ireland Ltd. on behalf of Forensic Science Society.

doi:10.1016/.5cijus.2007.01.002
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depends on the state of the examined body and whether it is still
warm or already cold.

This paper is part of a study on fingerprints deposited on to
human skin of both living subjects and dead bodies. It contains
findings and results of latent fingerprint recovery from these
surfaces. In addition to the dactyloscopic methods for
recovering fingerprints on the skin of living subjects and dead
bodies, which are already in use such as powders, CA fuming,
and RTX the examination focused on the applicability of the
Swedish Black powder which has not yet been reported in the
relevant forensic literature.

2. Materials and methods

In this study only those methods which Slovenian forensic
experts most often apply were used. Nevertheless, the focus was
on Swedish powder. Fingerprints were intentionally deposited
on the skin surface of 15 living persons and on 5 dead bodies
separately.

First, a forensic light source, (i.e. side white light), was used
to visually scan for latent fingerprints on the surface of live
epidermis prior of fingerprint deposition. No traces were
detected on the examination site. Second, the site was labelled
with an ordinal number and framed. A measuring tape was also
placed beside the site. Fingerprints were deposited on the wrist
area of living subjects and on wrist and neck skin surfaces of the
dead bodies, i.e. areas thought most likely to exhibit
perpetrator—victim fingerprint contact in the course of commit-
ting a crime. During deposition of finger marks the contact time
was 1 s and 30 s respectively with the pressure of approximately
500 g/in.? for living subjects and approximately 2000 g/in.? for
dead bodies. Finger marks were than processed by means of
Magnetic, Swedish Black and Silver Special powder within 15
to 45 min of deposition for living subjects and within 15 to
180 min of deposition for dead bodies. On dead bodies,
cyanoacrylate esters and RTX were also used. All methods used
are further described below and are also listed in Table 1.

All procedures were recorded by a Canon EOS 3 camera
fixed on a tripod, using a Fuji superia 400 ASA film, 50 mm
macro lens, and by a Canon EOS 10D camera, with resolution
3072 %2048 dpi, with an 1.8” LCD screen and compact flash I/
II memory unit.

2.1. Fingerprints on skin surface of living subjects

It was anticipated that different participants were likely to
produce fingerprints of different quality. Fifteen participants

Table 1

Review of methods used by skin surface type

Methods used Live skin Dead skin
Magpetic Jet Black Yes Yes
Magnetic Silver Yes Yes
Silver Special Yes Yes
Swedish Black Yes Yes
Cyanoacrylate No Yes

RTX Developer No Yes

impressed fingerprints on each other’s wrists. The hands of each
participant were not washed prior to the deposition of the finger
mark. Finger mark depositions were carried out within the
forensic laboratory under controlled conditions, (room temper-
ature ranging between 22 °C and 26 °C and relative humidity
was roughly 60%).

2.1.1. Visual examination

Visual examination was initially used. The latent prints
were examined using white light (Spex Mini-CrimeScope®-
400). Latent prints on the skin surface were visible using this
method.

2.1.2. Lifting method

Square areas with dimensions 2 cm* 1 ¢m were marked on
the skin. Four different lifters (transparent instant lifter, mipo-
film for microtrace, fuji glossy paper and silver plate.) were
used for the transfer of untreated finger marks from the skin
surface 30 min after deposition of the marks. Each of the lifters
was placed on one of the marked areas on the skin surface for at
least 10 s. After this time the lifters were removed and processed
by applying various dactyloscopic methods. In total, 20 samples
of latent fingerprints were recovered using the various lifting
m

The lifting techniques were also used to recover finger marks
which were treated with different powders from both living
subjects and cadavers.

2.1.3. Powder/brush

Magnetic Jet Black powder (200/500 g) and Magnetic Silver
powder (200/500 g) were used for detection as a physical
method. Both powders were applied to the examined area with a
magnetic brush. We also used Silver Special powder (100/
250 ml) and Swedish Black powder (100/250 ml). These
fingerprint powders were applied with a round fingerprint
brush.

2.2. Fingerprints on skin surface of dead bodies

Fingerprints were deposited by eight separate volunteers
onto five dead bodies. The hands of each volunteer were not
washed prior to deposition of the marks. Examinations were
conducted within the forensic medicine laboratory. All bodies
had been deceased for 20 to 30 h and had been stored for at
least 12 h in a cold room at 6 °C. At the time of fingerprint
deposition the skin temperature of the bodies was between
6 °C and 7 °C. The air temperature in the laboratory was
between 18 °C and 22 °C and the relative humidity level was
approximately 60%.

2.2.1. Visual examination

Visual examination was used before any other recovery
procedure. For example, if the victim had been dragged or
strangled, finger-tip impressions might be apparent on the
surface of the skin at the neck and wrist. Such latent prints were
detected using a crime scene forensic light source (Mini-
CrimeScope®-400) with a UV light at 365 nm and white light.
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2.2.2. Lifting method

The lifting methods used for the recovery of fingerprints
from dead bodies were the same as those used and described for
living subjects. In total 18 samples of latent fingerprints were
collected.

2.2.3. Powder/brush
The same fingerprint powders and methods were used as
described above for living subjects.

2.2.4. Cyanoacrylate

In order to develop fingerprints with CA fuming, a finger-
printing development chamber was used, where the relative
humidity and temperature could be controlled. For this research
a fingerprint development chamber constructed from a card-
board box (50 cmx25 cm*40 cm) was used to prevent the
fumes from evaporating in the air. Hot water (0.7 L) was added in
an open plastic container was added to accelerate the process by
raising both the relative humidity and temperature. During the
fingerprint developing process the temperature inside the
cardboard box was between 22 °C and. The fuming process
lasted for 30 min. The cyanoacrilate used was in gel form under
the trade name Hard Evidence by Loctite. These fingerprint
developing pouches are an easy to use one-part fuming system.
Each peel-open pouch contains cyanoacrylate in a gel form.
Immediately before use we separated both sides to allow the
cyanoacrylate to evaporate inside cardboard box at room
temperature. In Fig. 1 cardboard box, plastic container with
hot water and open pouch of CA can be seen.

Fig. 1. Improvised CA chamber.

Table 2
Assessment of results of different methods on different skin surfaces
Method Live skin Dead skin

Ridge Detail Identifiable Ridge detail Identifiable
Magnetic Jet Black  Yes Yes Yes Yes
Magnetic Silver No No No No
Silver Special No No No No
Swedish Black Yes Yes Yes Yes
Cyanoacrylate 3 / Yes No
RTX Developer / Yes Yes

2.2.5. RTX

RTX Developer was applied directly to the skin surface of
the dead bodies by fuming or by spraying. RTX was purchased
from the RTX Laboratory Kenzoh Mashiko from Japan. It
produced RTX fumes which could be directed toward the skin
S

3. Results and discussion
3.1. Fingerprints on skin surface of living subjects

Finger marks were assessed by their visibility and the clear-
ness of ridge detail. Marks with clear ridge detail were assessed
as good. Finger marks with poor but still visible ridge detail and
limited identification potential were assessed as marks with
limited value. Finger marks which were visible but had no ridge
detail and thus no identification potential was assessed as marks
of no value. These assessments refer to all finger marks prior to
or post-treatment.

Finger marks were clearly visible and identifiable in almost
all cases. The results are illustrated in Table 2. Neither contact
time (1 or 30 s) or skin types (alive or deceased) did not
influence the quality of marks. However it was established that
the quality of finger marks did depend on the pressure used
while depositing the mark. Good marks with ridge detail re-
sulted when fingerprints were deposited under pressure of
500 g/in.”. Finger marks remained useful for identification for
up to 15 min, and the impression itself remained visible for
30 min after initial deposition.

Fig. 2. Finger mark developed with Swedish Black powder.
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Results of all methods used (for live and dead skin surfaces)
are summarized in Table 2.

3.1.1. Swedish Black powder

Fig. 2 shows one of the fingerprints recovered from the skin
of a live subject using Swedish Black powder. The mark was
powdered 30 min after placing it onto the skin surface and is
clearly visible, and suitable for further comparison. The pow-
dered mark was photographed and then lifted with transparent
instant lifter.

3.1.2. Magnetic powder

Black and Silver Magnetic powder were also used for the
recovery of marks from live skin. Good results were obtained
only with the Black Magnetic powder. In Fig. 3 a finger mark
powdered with Black Magnetic powder is clearly visible. The
quality of the mark is good and has the same identification
potential as the one treated with Swedish Black powder.

3.2. Fingerprints on skin surface of dead bodies

Finger marks were clearly visible and partly identifiable. As
before the contact time between the fingers and the skin surface
had no influence on the quality of the marks produced. Untreated
marks were found to be unsuitable for further identification,
however the finger impressions revealed some detail and re-
mained visible up to 30 min after deposition.

3.2.1. Magnetic and Swedish powders

A small amount of ridge detail was visible in the finger
marks, but only after the application of either Black Magnetic or
Swedish Black powder. The developed marks were deemed
useful for further examination. They were recovered by means
grey metal plate and instant lifter. Fig. 4 illustrates a finger mark
treated with Swedish Black powder and transferred on to an
instant lifter. The quality of the mark is good and has clear
identification potential.

Fig. 3. Finger mark powdered with Black Magnetic powder.

Fig. 4. Finger mark powdered with Swedish Black powder and transferred on
instant lifter.

3.2.2. Cvanoacrylate fuming

After treatment by CA fuming, finger marks on the skin of
deceased individuals could not be clearly visualised. CA fumes
were applied from 0 to 30 min after the bodies had been removed
from the cold room to the laboratory. A forensic light source was
used to examine the skin surface after the CA treatment and poor
quality finger marks were detected. The poor results obtained
may be due to condensation forming on the skin surface of the
cadavers due to the temperature difference in the cold room and
the laboratory.

3.2.3. RTX

RTX was applied as a liquid reagent either by spraying or
by fuming. The fuming method was found to be more time
consuming in comparison to spraying where instant results were
obtained. Ninety percent of initially deposited finger marks on
the skin surface became visible. In most cases treated finger
marks were of good quality with good ridge detail and iden-
tification potential.

4. Conclusions

The basic and least complicated method for the recovery of
fingerprints from skin remains powder dusting, however there
are some differences in results obtained depending on the type of
powders. This study has shown that there was no difference in
results obtained between live and dead skin surfaces. Best results
were obtained with Swedish Black powder and Magnetic Jet
Black powder on both types of skin surface. Poor results were
obtained using Magnetic Silver and Silver Special powders
on both surfaces. All or the lifting techniques mentioned were
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suitable for transferring both treated and untreated finger marks
from both skin surfaces and the best were obtained with Trans-
parent Instant lifter.

Besides powder finger marks on dead bodies could also be
treated using CA fuming and RTX methods separately. Best
results were obtained with RTX. Finger marks treated with CA
fuming were generally of poorer quality and it is suggested due
to the formation of condensation on the surface of the cadavers.

This study shows that the most appropriate method for finger
mark development on live human skin is Swedish Black powder.
This method is also suitable for dead bodies but best results for
this kind of surface were obtained with RTX.

Future work will investigate the impact of the use of these
powders and reagents on DNA analysis.
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toxic for the development of latent fingerprints that can be employed on different substrates. In this
investigation a less expensive, simple and easily available, turmeric powder, a common ingredient in
Indian food, has been used to decipher the latent fingerprints on nine different substrates. It is

found that it gives very clear results in majority of the surfaces.
© 2011 Forensic Medicine Authority. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Fingerprints have often been and still are considered one of the
valuable types of physical evidence in identification. In general,
three forms of fingerprint evidence that may be found at a
crime scene are visible (or patent) prints, impression (or plas-
tic) prints and latent prints. Latent prints are not visible to
the naked eye and thus require some means of development
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or enhancement for their visualization. New techniques have
been developed for latent fingerprint detection but the tradi-
tional fingerprint detection technique for treating latent prints
is powdering method. When the fingerprint powder is sprin-
kled over an affected area, the powder adheres to the oil, sweat
or other materials left in a fingerprint. Powdering technique
has been used as a technique since the early 1900s. Over this
period, many fingerprint powder formulations have been in
use, with each formula consisting of a colorant for contrast
and a resinous material for good adhesion.! Hundreds of fin-
gerprint powder formulas have been developed over the years.
In general, there are four classes of fingerprint powders-regu-
lar, luminescent, metallic and thermoplastic.?

In the past, powder dusting, ninhydrin dipping, iodine fum-
ing and silver nitrate soaking were the most commonly used
techniques for latent print development. These traditional
techniques are quite effective for many surfaces. However,
these traditional methods for latent print detection are not al-
ways effective and scientists have attempted to improve the
existing methods for the visualization of latent prints. There
are different powders which have been used by various
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workers>*® 2 for the development of latent fingerprints on

different surfaces as shown in Table 1. Some of the chemical
substances used in the fingerprint powders are toxic and pose
potential health hazards. In order to overcome this disadvan-
tage, we have attempted to use a new powder for developing
latent fingerprints which is easily available, non-toxic and it
has so many medicinal uses (turmeric powder).

Turmeric (Curcuma longa) is a rhizomatous herbaceous
perennial plant of the ginger family Zingiberaceae. It has been
cultivated in India from very ancient times. The rhizomes
which yield turmeric are short thick with blunt tubers. The
product consists essentially of coloring principles 1,7-bis-(4-hy-
droxy-3-methoxy-phenyl)-hepta-1,6-diene-3,5-dione (also
known as curcumin) and also its desmethoxy and bis-desmeth-
oxy-derivatives in varying proportions. It can exist in two tau-
tomeric forms, i.e., keto and enol. Functional use of curcumin
as a food additive is color.’*?

Keto form of curcumin

The authors in this communication has attempted to devel-
op a new technique using turmeric powder, a condiment com-
monly used in Indian food, for the development of latent
fingerprints present on different surfaces which has not been
reported so far.

Table 1 Showing various chemicals or powders used by
different workers for development of latent fingerprints.

Serial No.

Name of powders

1 Lead powder*

2 Titanium oxide powder’
% Sudan III?

4. Phloxine B dye'’

5 Fluorescein dye’

6 Rhodamine B dye’"'?
7 Rhodamine 6G°

10. Eosin yellow dye'!
11. Eosin-blue dye'’

2. Guinea green dye'?
13. Aniline blue dye'*
s Cyano blue dye'®

16. Azure I dye"

17 Azure 11 dye'’

18. Congo red dye'®

19. Basic fuchsin dye”?!

2. Materials and methods

Eleven test latent fingerprints were collected on different sur-
faces. The test latent prints were collected with sebum mainly
from face and forehead. The method used in the development
of latent prints is powder dusting. It is a physical method of
enhancement of latent prints and works on the mechanical
adherence of the fingerprint powder particles to the oily com-
ponents of the skin ridge deposits. Application of powder to
the print by brushing is a simple and an easy technique but
it also has disadvantages that the brush on coming in contact
with the surface having the print destroys the print and hence
the ridge characteristics get destroyed. In order to develop la-
tent fingerprints with the help of turmeric powder, few grams
of pure (freshly grinded from rhizomes) commercially avail-
able turmeric powder was taken in the present study and then
further ground in a blender in order to get a very fine powder
to the level of talcum powder but no particle size was

Enol form of curcumin

measured. The powder so prepared was kept in the glass tubes
and sealed. These were stored at the laboratory conditions.
The powders when kept in the open formed the masses prob-
ably due to the absorption of water from the atmosphere
and on again grinding in the blender formed the same type

(A) (B)

Figure 1 Comparison between visualization of latent finger-
prints on simple paper with black powder (A) and turmeric
powder (B).
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of powder. The experiments were carried out in the months of =~ num foil, wooden surface (sun mica-glossy), plastic sheet,

May/June when the temperature varied from 35 to 42 °C and painted steel and top as well as writing surface of CD.

the relative humidity between 60% and 80%. The powder is

sprinkled over a surface and then excess of powder is removed 3. Results and discussion

by tapping in order to get a clear print. In order to check the

comparative evaluation, the turmeric powder has been applied ~ The results of the latent fingerprint development using tur-

on porous and non-porous surfaces. The types of surfaces meric powder on nine different surfaces are shown in Figs.

which have been employed in this investigation are — normal  [-6. The latent fingerprints present on majority of the surfaces

paper, bond paper, thermal paper, transparency sheet, alumi-  examined can be successfully developed with turmeric powder.
The comparative evaluation of different surfaces with this
powder reveals that it gives better results on contrast surfaces

(A) (B)

Figure 2 Comparison between visualization of latent finger- (A) (B)
prints on bond paper (A) and thermal paper (B) using turmeric

Figure 4 Comparison between visualization of latent finger-
powder.

prints on wooden surface (sun mica) (A) and plastic sheet (B)
using turmeric powder.

B (A) (B)

Figure 3 Comparison between visualization of latent finger- Figure 5 Comparison between visualization of latent finger-
prints on transparency sheet (A) and aluminum foil (B) using prints on painted steel (A) and on top surface of CD (B) using
turmeric powder. turmeric powder.
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Figure 6 Development of latent fingerprints on writing surface
of CD using turmeric powder.

than the others examined. The development of latent finger-
prints present on surfaces like, simple paper, bond paper, ther-
mal paper, aluminum foil, transparency sheet, wood (sun
mica-glossy), plastic sheet, painted steel, top and writing sur-
face of the CD could be successfully done and gives clear
ridges as is evident from the figures. The reason for the adher-
ence of turmeric powder to the latent fingermarks can be as-
signed by the formation of hydrogen bonds between the
fatty acids/glycerides of sebum and the carbonyl and hydroxyl
group of the curcumin component of the turmeric powder. The
latent prints can be developed with turmeric powder on the top
as well as writing surface of compact disc and can be used for
the personal identification in theft cases. It was further inter-
esting to note that the latent prints after development with tur-
meric powder on writing surface of the compact disc did not
destroy the data contained therein and can be further used.
It is suggested that the turmeric power can be used to visualize
the fingerprints particularly on the surfaces having contrast.
Prints present on skin could not be developed clearly in com-
parison to others may be due to lack of contrast. These results
suggest that turmeric powder can be successfully employed as
a powder on majority of the surfaces except skin.

Further studies on the development of finger prints under
various conditions of humidity and temperature, season varia-
tion and comparative evaluation with other chemical agents
need to be made. Present study is just the preliminary investiga-
tion and can be explored further. Authors have made similar at-
tempt on the other agents, colors used during the Holi festival
and the commonly used food colors, for the development of the
latent fingerprints and have achieved quite interesting results.

4. Conclusion

It is concluded that turmeric powder which is easily available,
non-toxic and simple can be used successfully on various

surfaces to develop the prints in crime investigations. Further
work on the decipherment of aged latent fingerprints is in

P
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Abstract Chance prints or latent prints may be found on any type of surface and need to be devel-
oped by various methods. Various methods have been reported for the development of latent fin-
gerprints on different surfaces. This paper presents new powdering methods (synthetic food and
festival color — gulal) for the development of latent fingerprints on different substrates as prelimin-
ary studies. It has been observed that the application of colors to latent finger prints gives clear
results particularly on aluminum matrices.

© 2011 Forensic Medicine Authority. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Fingerprinting is one form of biometrics, a science that uses
people’s physical characteristics to identify them. Various
new methods have been introduced so far in this field but tradi-
tional technique for developing latent fingerprints is powdering
method '"'?. Various powder formulations have been in use,
with each formula consisting of a colorant for contrast and a
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resinous material for adhesion. Modern fingerprint powders
have variety of compositions, and are often a matter of per-
sonal choice by the expert using them or down to the standard
procedure of the department or agency. Many agencies use pro-
prietary powders produced by independent companies, and so
the exact formulation of these powders is not revealed.

In the present study, a preliminary attempt has been made
to develop latent fingerprints with commonly used food colors
in homes and colors employed during Indian festival holi
called as gulal. This type of work has not been reported in
the literature earlier and can provide useful information to
the investigators.

2. Material and methods

Twenty test latent fingerprints were collected from twenty
individuals. The test latent prints were collected with pure
sweat as well as sebum from the subjects on different sub-
strates. For collecting samples of pure sweat each subject
was asked to thoroughly clean his/her hands with soap
and water. The hands were then allowed to dry and then
palms were closed for sweating. After that the subject was
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(a)

Figure 1
red (b) and green (c).

asked to give latent fingerprints on different substrates.
While taking samples of pure sweat care was taken not to
touch anything between the period of cleaning hands and
applying the prints on substrates. The latent prints of sebum
samples were also taken as most of the time sweat is found
contaminated with sebum. For collecting the sebum prints
no special care was taken, subject was asked to touch his
forehead or face for getting the sebum on his/her fingertips.
These in turn were applied to substrates in the provided
space. In this way all the pure sweat and sebum samples
were collected from all twenty subjects. All the different fin-
gers were used in taking the prints.

The method used here in the development of latent prints
is powder dusting without using the brush as preliminary
studies. Application of powder to the print by brushing is
a simple and an easy technique but it also has disadvantage
like the brush on coming in contact with the surface having
the print destroys the print and hence the ridge
characteristics.

In order to develop latent fingerprints with synthetic food
colors, few grams (10-50) of food color powders were taken,
having some dye content.

Three colors were applied for the visualization of latent fin-
gerprints in this investigation as follows:-

1. Orange red having dye content 30.2% and main ingredients
are: Sodium chloride, Sunset Yellow FCF (15985), Carmoi-
sine (14720) (manufactured & packed by: Ajanta Food
Products Company, Himachal Pradesh, Batch No. 434,
Mfd. on-01/2010).

2. Lemon yellow having dye content 22.2% and ingredients
are: Sodium chloride, Tartrazine (19140) (manufactured
& packed by: Ajanta Industries, Haryana, Batch No. 286,
Mfd. on-11/2008).

3. Bright green having dye content 17.2% and ingredients are:
Sodium chloride, Tartrazine (19140), Brilliant Blue FCF
(42090) (manufactured & packed by: Ajanta Industries,
Haryana, Batch No. 432, Mfd. on-05/2009).

(c)

Showing development of latent fingerprints (sebum) with synthetic food colors on simple paper using lemon yellow (a), orange

(a) (b)

Figure 2 Showing development of latent fingerprints of sebum
(a) and sweat (b) on simple paper using black powder.

The powder (as available in the market) is sprinkled over a
surface and then excess of powder is removed by tapping in or-
der to get a clear print. The types of surfaces used were:

e Normal paper

e Aluminum foil

e Top surface of CD
e Aluminum sheet

In order to develop latent fingerprints with colors used dur-
ing holi festival held immediately after the winter season in the
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(a)

(b) (c)

Figure 3 Showing development of latent fingerprints (sebum) with synthetic food colors on aluminum foil using lemon yellow (a),

orange red color (b) and green color (c).

(a)

(b) (c)

Figure 4 Showing development of latent fingerprints (sweat) with synthetic food colors on aluminum foil using orange red color(a),

yellow color (b) and green color (c).

month of March every year, also known as “‘gulal”, few grams
(10-50) of colors were taken which are available in the local mar-
ket. The three colors were used in the study:- red, green and pink.

The color was sprinkled over the substrate carrying the la-
tent fingerprints and excess of powder was removed by tapping
in order to get a clear fingerprint. Same types of the surfaces
were used as mentioned above for the development: normal
paper, top surface of CD, aluminum foil, aluminum sheet.

Few conventional powders were also used in the study in
order to give the comparative evaluation of the newly used
powders in the present investigation. These powders include
black powder and fluorescent powder. They were applied in
the same manner as used in case of new powders (food and holi
colors) i.e. by powder dusting method.

3. Results

The results obtained from the present investigations using
different colors (used in eatables and during the holi festival
— gulal) on various surfaces (normal paper, aluminum foil,
top surface of CD and aluminum sheet) are shown in Figs.
1-14. The results as shown in figures are obtained when pow-
der dusting method has been applied on different surfaces
using conventional as well as new powders. The similar types
of results are also obtained when brushing method is used
for development of latent prints on different surfaces. The fig-
ures show the comparative evaluation of latent fingerprints
development with various colors on different surfaces. It has
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(@ (b)

(c)

Figure 5 Showing development of latent fingerprints (sebum) with synthetic food colors on top surface of CD using lemon yellow color

(a), red color (b) and green color (c).

7 " b)

Figure 6 Showing development of latent fingerprints (sweat)
with synthetic food colors on top surface of CD using orange red
color (a) and green color (b).

been observed that latent prints of pure sweat were not devel-
oped on normal paper using food colors while the same get
developed using conventional black powder as shown in
Fig. 2. In case of aluminum foil surface and developed by using
food colors sweat prints showed comparatively better results as
is evident from Figs. 3 and 4. The sebum prints present on CD
surface showed better results than that of sweat prints as
revealed by Figs. 5 and 6. It has been noticed that in few of
the samples the prints deposited by sweat as well as sebum
showed equally good results as is evident from Figs. 7 and 8.
This may be due to the variation in sweat and sebum content
deposited by different individuals. Similar type of results (i.e.
in few cases) have been observed by using holi colors used

(@) (b)

Figure 7 Showing development of latent fingerprints (sebum)
with synthetic food colors on aluminum sheet using orange red
color (a) and fluorescent powder (b).

for the development of prints on aluminum foil surface as
(Figs. 11 and 12) while on paper surface sebum prints gave
more clear results as compared to sweat (Figs. 9 and 10). La-
tent fingerprints of sebum deposited on the top surface of
CD and developed with holi colors showed better results as
compared to that of sweat prints and these found to be better
than that as produced by using conventional black and fluores-
cent powder on the same surface. These results indicate that
the decipherment of latent fingerprints depends upon the pow-
der used, surface and the contents of fingerprint deposited.
These results further indicate that latent fingerprints formed
from sebum can be developed more easily and clearly on these
surfaces (normal paper, aluminum foil, top surface of CD and
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(@ (b)

Figure 8 Showing development of latent fingerprints (sweat)
with synthetic food colors on aluminum sheet using orange red
color (a) and fluorescent powder (b).

aluminum sheet) with the help of food colors used in the study
i.e. lemon yellow, orange red and green. The ridges are clearly
visible with all the three colors. It shows that the food colors
common ingredients used in the preparation of eatables in In-
dia can be used on these surfaces too. Although gulal used as
holi color in India is less expensive but still it can be used suc-
cessfully for visualizing the latent fingerprints. From these
observations it is derived that the colors used in the prepara-
tions of various eatables and the one used during the festival
can be successfully used for the decipherment of the latent

(@) (b)

Figure 10 Showing development of latent fingerprint (sweat) on
simple paper with colors used in Indian festival (holi) using red
c%

fingerprints on different surfaces. The results obtained from
the application of the food and holi colors can give clear visu-
alization of the ridges and can be a good substitute.

4. Discussion

The present study shows that the decipherment of prints depends
upon the type of prints deposited (sebum and sweat), surfaces on
which the prints are present as well as the agents used for the
development of prints. In all the developed prints on different
substrates ridges are quite distinct. These preliminary

(c)

Figure 9 Showing development of latent fingerprints (sebum) with colors used in Indian festival (holi) on simple paper using red color

(a), green color (b) and pink color (c).
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(@) (b) (c)

Figure 11  Showing development of latent fingerprints (sebum) on aluminum foil with colors used in Indian festival (holi) using red color
(a) green color, (b) and pink color (c).

(@) (b)

Figure 12 Showing development of latent fingerprints (sweat) on aluminum foil with colors used in Indian festival (holi) using red color
(a) and pink color (b).

(@) (b) (©

Figure 13  Showing development of latent fingerprints (sebum) on top surface of CD with colors used in Indian festival (holi) green color
(a) red color, (b) and pink color (c).
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(a) N ()

Figure 14
gulal (c).

observations indicate that the common agents (food colors and
holi colors) can also be used for the visualization of latent finger-
prints present on different substrates (aluminum foil, aluminum
sheet, writing paper and CD surfaces particularly). Similarly
Gargetal. [12] reported that the latent fingerprints can be devel-
oped on nine different surfaces using turmeric powder, obtained
from rhizomatous herb. The results obtained in the present
study also reveals that the development of fingerprints depends
upon the powder used, type of surface on which the finger prints
are present as well as on latent prints deposited (sweat or sebum).
It is a physical method of enhancement of latent prints and
works on the mechanical adherence of the fingerprint powder
particles to the oily components of the skin ridge deposits.

Latent fingerprint development on writing surface of CD i.e.
glossy and smooth texture has not been examined. Further study
with respect to stability and development of prints needs to be
explored. It is expected that these findings will provide useful
information and these agents that are less expensive and easily
available can serve as a useful substituent. Further study on this
is in progress.

5. Conclusion

It is concluded from the present study that these commonly and
easily available as well as less expensive agents (colors-food and
festival colors) could be a useful substitute for the decipherment
of latent prints deposited on different surfaces.
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Chitosan has been widely used in the preparation of microparticles for drug delivery; however, it has not been considered in forensic
applications. Tripolyphosphate- (TPP-) chitosan microparticles were formed using ionotropic gelation in the presence of a coloured

dye and deposited onto latent fingerprints enabling fingerprint identification.

1. Introduction

Chitosan is the generic name for a family of strongly poly-
cationic derivatives of poly-N-acetyl-D-glucosamine (chitin)
extracted from the shells of crustaceans or from the mycelia
of fungi [1]. In chitosan the N-acetyl group is replaced
either fully or partially by NH,, and therefore the degree
of acetylation can vary from DA = 0 (fully deacetylated) to
DA = 1 (fully acetylated, i.e., chitin). The long carbon chains
of chitosan molecules render them lipophilic. Furthermore,
chitosan is the second most abundant polymer on earth
(after cellulose) and it is the only known naturally occur-
ring polycationic polysaccharide; therefore, chitosan and its
derivatives, including microparticles, have received a great
deal of attention from the food, cosmetic, and pharmaceutical
industries [2-4]. Microparticles can be prepared by the
electrostatic interaction and the resultant ionotropic gelation
between chitosan and the tripolyphosphate (TPP) (Figure 1)
polyanion [2-4]. Size can be controlled by varying the
chitosan : TPP ratio, pH, and the molar mass of the chitosan.

Fingerprint detection is probably the oldest and most
common method of identification used in forensic science.
Fingerprints, therefore, present a perfect method for personal
recognition; they are traces of an impression from the friction
ridges on a persons fingertips. Fingerprinting is used in
the tracking and identification of criminals, and because

they are unique (identical twins have different fingerprints),
fingerprints can provide a clear and positive proof of identity.
Recently, there has been great interest in the use of
nanotechnology in the design of novel fingerprint detection
systems. This is due to the fact that microparticles can
provide improved latent fingerprint detection by using dye-
functionalized microparticles (the dye or fluorophore may
also be encapsulated within the microparticle) which can
therefore provide an opportunity for improved visualisation.
In this study, TPP-chitosan microparticles (loaded with
red dye for visualisation purposes) have been used to attach
to the lipid residues present in the latent fingerprint. In tra-
ditional fingerprinting techniques (e.g., ninhydrin), reagents
react with salt, lipids, proteins, or amino acids present in
the fingerprint residue. Although other polysaccharide-based
systems may be more suitable (e.g., lipophilic polysaccharide
esters [6]), the potential of chitosan for latent fingerprint
development has been demonstrated previously [7, 8].

2. Materials and Methods

2.1. Materials. All chemicals were purchased from Sigma-
Aldrich (Gillingham, UK) and used without further purifi-
cation.
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FiGURE 1: Formation of the tripolyphosphate-chitosan complex by ionotropic gelation [4, 5].

2.2. Sample Preparation. Chitosan (2.0 mg/mL) and tripol-
yphosphate pentasodium (0.84 mg/mL) were prepared in
acetate buffer (0.2 M pH 4.3) as described in [2] and [4]. The
resultant solutions were then mixed to give TPP: chitosan
ratiosof1:6,1:4,1:2,1:1,2:1,4:1,and 6 : 1, respectively, and
the particle size distributions of the resultant microparticles
were measured directly using a Malvern Mastersizer 2000
(Malvern Instruments Ltd., Malvern, UK) and under an
optical microscope Leica DM 500 (Leica Microsystems,
Milton Keynes, UK).

2.3. Fingerprint Enhancement. Latent fingerprint enhance-
ment was investigated using the following protocol: the 7 dif-
ferent nanoparticle dispersions were centrifuged (Eppendorf
UK, Stevenage, UK) at 4000 rpm for 90 minutes. After cen-
trifugation, the supernatant was removed and the remaining
of solid deposit was freeze-dried for 24 hours (Edwards High
Vacuum International, Crawley, UK) after which the solid
material was grounded with a pestle and mortar to produce
powder suitable for fingerprinting. Fingerprints were then left
on a glass slide as before and dusted with the TPP-chitosan
powder.

3. Results and Discussion

When freshly prepared, the diameters of the TPP-chitosan
particles were in the range 1-1000 um (Figure 2) which is

10 | ¢
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FIGURE 2: Particle size distribution (in triplicate) for TPP-chitosan
in the ratio of 4 : 1. Inset a micrograph for the same sample.

considerably larger than has been demonstrated in previous
studies [4, 9-15] and may be explained in part by the
molar mass and solubility of the chitosan. In so much as
higher molecular weight chitosans produce larger particles
(4, 15-18].

It would appear that during sample preparation, the TPP-
chitosan microparticles have aggregated. At this stage we have
no apparent explanation; although we do not expect particle
size to have a significant influence with respect to fingerprint
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F1GURE 3: Latent fingerprint treated with TPP-chitosan (4 :1). Some
common features used for identification have been indicated: (a)
ridge ending, (b) bifurcation, and (c) crossover.

enhancement. However, in any future applications the use of
a stabiliser may be beneficial.

In the enhancement of latent fingerprints, it is only
the sample with a TPP:chitosan ratio of 4:1 which gave
satisfactory results (Figure 3). This is expected to be due to
the effective charge on the particles [10], that is, as we increase
the ratio of TPP, the particles will tend to lose their positive
charge and it is expected that particles with little or no charge
will interact to a greater extent with the lipids in fingerprint
residues.

In Figure 3, the fingerprint details such as bifurcations
and crossovers are clearly visible. As an alternative approach,
fingerprints were left on a glass slides (nonporous surface)
then immersed in the 7 different microparticle dispersions
for 1 hour. The slides were then placed in drying oven for 45
minutes at temperature 80°C. However, this approach has not
yet yielded any satisfactory results.

4. Conclusions

The use of TPP-chitosan in latent fingerprint enhancement
was significantly affected by TPP: chitosan ratio, it was also
expected that the storage temperature [4], concentration [18],
molar mass [4, 15-18], and levels of aggregation, charge,
and degree of deacetylation (DD) of chitosan will be of
importance. Furthermore, it may be possible to form the
microparticles directly on fingerprint in a 2-stage process.
However, this new technique has the potential to be devel-
oped as a novel method for fingerprint enhancement.
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FOR THE VISUALIZATION OF LATENT FINGER MARKS:
WHITE CEMENT
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Abstract

Visualization of latent fingerprints has always been a significant field in forensic science research. Different chemicals/powders
have been tried from time to time for visualization of latent fingerprints by different scientists. The present study consisted of
two parts. First of all, latent fingerprints were developed on twenty different substrates using common, easily available, inex-
pensive and simple material — white cement powder (used for fixing floor tiles) — by the powder dusting method. In the second
part, the ageing of latent fingerprints was studied by developing sets of latent fingerprints after particular time intervals with the
help of white cement and (conventional) white powder: the clarity of prints developed using the white cement was compared
in relation to results achieved using the conventional powder (white powder), which is widely used in fingerprint development.
For this part of the study, four different substrates were chosen: blue carbon paper, plastic sheet, coloured papers, and plywood.
In total, four sets were prepared in order to study ageing for 40 days. Each set consisted of carbon paper, coloured paper, plastic
sheet and plywood. Latent prints were developed at 10 day intervals for each set. The latent prints were taken from individuals
who had profuse sweating (and, in addition, latent prints were taken from persons who sweated less, though in the latter case,
only fresh prints were used). It was interesting to find that the cement powder used gave very clear results on fourteen different
substrates among the twenty tested. The ridges and the furrows were clearly visible, and so it could be concluded that cement
powder can be used as an alternative (agent) for visualization of finger marks in forensic investigations, particularly when other
powders are not available. It was also found that latent prints were developed very clearly with white cement on carbon paper,
even after 40 days, when conventional white powder fails to do so.

Key words
Forensic science; Latent finger marks; Powder dusting; White cement powder; Substrates.
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1. Introduction

Fingerprints are often considered one of the most
valuable types of physical evidence in crime scene
investigations. Fingerprint individuality is widely ac-
cepted by scientists and courts. Fingerprints are highly
individualistic in nature, so that even partial and slight-
ly smudged impressions lifted from crime scenes can
be used to identify the donor of these marks. Some-
times experts working in the field run out of conven-
tional visualization material, and in such situations

a more commonly available material (white cement)
can serve as an acceptable substitute.

New techniques are continuously being sought
for latent fingerprint visualization, but the traditional
fingerprint detection technique is powdering. When
fingerprint powder is sprinkled over an area under
examination, the powder adheres to the oily compo-
nents, moisture, sweat or other materials left in a fin-
gerprint.

Many fingerprint powder formulations are used by
law enforcement agencies, most of them containing
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colorants for contrast and resinous materials for good
adhesion. In general, there are four classes of finger-
print powders: regular, luminescent, metallic and ther-
moplastic [5].

Hundreds of fingerprint powder formulas have
been developed over the years. A detailed list of their
formulas and preparations can be found in the first edi-
tion of “Scott’s fingerprint mechanics™ and in a report
by Goode and Morris [3]. Trapecar and Balazic [7]
reported fingerprint recovery from skin surfaces and
found that positive results were achieved with magnet-
ic black and Swedish black powder on living objects.

White Portland cement is identical to grey Portland
cement except in colour. Portland cement, the basic
ingredient of concrete is a closely controlled chemical
combination of calcium, silicon, aluminium, iron and
small amounts of other ingredients to which gypsum
is added in the final grinding process to regulate the
setting time of the concrete. Lime and silica make up
about 85% of the mass. In the case of white cement,
during the manufacturing process, manufacturers se-
lect raw materials that contain only negligible amounts
of iron and magnesium oxides (Table I) [1, 6].

TABLE 1. COMPOSITION OF WHITE CEMENT [8]

Composition [%] by weight
C,S (Tricalcium silicate, 3Ca0-SiO,) 594
C,S (Dicalcium silicate, 2Ca0O-Si0,) 23.5

C,A (Tricalcium aluminate, 3Ca0-Al,0,) 12.9

C,AF (Tetracalcium aluminoferrite,

4Ca0-ALO, Fe,0,) 08

The present research work was undertaken in order
find more common material that can serve as a better
substitute for conventional fingerprint powders. An at-
tempt was made in the present study to establish a new
method to make the trace of fingermarks clear using
building material (cement powder) as a substitute. In
addition, the influence of ageing of latent fingerprints
was studied when using this particular material.

To the best of our knowledge, use of this sort of
material (commonly available in powder form) has
not been reported earlier. In this study, an endeavour
was made to find a cost effective, easily available, ef-
fective powder for visualization of latent fingerprints.
It is expected that the study will provide quite useful
information for fingerprint experts.

2. Materials and method

In the present study, latent fingerprints were col-
lected from individuals on different substrates. White
cement powder (used in fixing floor tiles) was tried
for the development of latent fingerprints on twenty
different substrates. The method used in the develop-
ment of latent fingerprints is powder dusting. Applica-
tion of powder to the print by brushing is a simple and
easy technique, but it also has disadvantages. When
the brush comes in contact with the surface bearing
the print, it may damage it and hence the ridge char-
acteristics get blurred. The powder was sprinkled over
the surface and then excess powder was removed by
tapping in order to get a clear print.

The cement used was procured from a local market,
and was manufactured by J. K., White Cement Works,
Gotan, Nagaur District (Rajasthan). It has registered
growth in production and sales in India in the last few
years.

The substrates tried in this study were porous, non-
porous and semi-porous. The following substrates
were tried: coloured glazed papers, normal paper,
bond paper, glossy sheet, ID photo paper, tissue pa-
per, thermocol (polystyrene), plastic surface (of pen
and mouse used in computers), both the writing and
shiny surface of a CD, safety glasses (goggles), ply-
wood, carbon paper, transparency sheet, cellophane
sheet, polythene (white and brown), brown cover pa-
per (used to cover notebooks etc.), painted steel sur-
face, cardboard (green colour), standard glass (black
and white glass), and ceramic surface (mug).

For the ageing study, white cement and conven-
tional white powder (manufactured by Ideal Scien-
tific Concerns, Calcutta) were tried on four different
substrates: carbon paper, coloured paper, plastic sheet
and plywood. Ageing was followed up for 40 days on
the 4 experimental sets, each consisting of carbon pa-
per, coloured paper, plastic sheet and plywood. Latent
prints were developed at 10 day intervals. The latent
prints were taken from an individual who sweated
profusely. On each substrate of every set, two latent
prints were taken in order to develop them with white
cement and white powder side by side simultaneously.
In addition to this, fresh prints from low sweating in-
dividuals were developed on the spot on carbon paper
using white cement, and ridges were found to be clear
in these cases as well.
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3. Results and discussion

The results obtained are shown in Figures 1-16.
The white cement used gave very fine results on the
majority of the substrates, and well defined ridges
were observed that were not inferior to those obtained
by conventional powder used for fingerprints develop-
ment. On some of the substrates, even better results
were obtained. White cement gave very clear results
on fourteen out of the twenty types of substrates. As
could be expected, on the remaining six white surfaces
the results were not clearly visible due to poor contrast.
The application of white cement was not found to be

suitable for the development of latent fingerprints on
normal paper, bond paper, glossy sheet, ID photo pa-
per, tissue paper and thermocol (polystyrene), and was
found to be most suitable for coloured contrast sur-
faces. It was also observed that the surface contrast
played a very important role in the visualization of
prints using white cement. In some of the cases, even
level 3 details were visible.

Fig. 1. Fig. 2.

Fig. 3. Fig. 4.

Fig. 1-4. Showing development of latent fingerprints on black glass (1), white glass (2), writing surface of CD (3) and carbon

paper (4) using white cement.

Fig. 5. Fig. 6.

Fig. 7. Fig. 8.

Fig. 5-8. Showing development of latent fingerprints on cellophane sheet (5), safety glasses (goggles) (6), ceramic surface
(mug) (7), and red glazed sheet (8) using white cement.

Problems of Forensic Sciences 2014, vol. 97, 5-13
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Fig. 9. Fig. 10.

Fig. 11.

Fig. 12.

Fig. 9-12. Showing development of latent fingerprint on brown cover (9), plywood (10), transparent polythene (11), and plain

green cardboard (12) using white cement.

Fig. 13. Fig. 14.

Fig. 15.

Fig. 16.

Fig. 13-16. Showing development of latent fingerprints on painted steel (13), transparency sheet (14), plastic surface (pen) (15),

and plastic surface [mouse] (16) using white cement.

Garg et al. [2] and Kumari et al. [4] similarly
worked on latent fingerprint development using tur-
meric powder, synthetic food and festival colours (gu-
lal) on different substrates, including the writing sur-
face of CDs, and found that the development process
did not affect the data stored on the CDs. Similarly, in
the present study, the prints developed on the writing
surface of a CD using white cement did not affect the
data contained therein. This is also in agreement with
the findings of other scientists for the development of
latent fingerprints on CDs and subsequent recovery of
data.. The results for aged prints are shown in Figures
17-28.

Out of the four substrates (blue carbon paper, plas-
tic sheet, coloured papers, and plywood), only carbon

paper gave clear fingerprints after 40 days comparable
with white powder developed prints. White cement
and white powder gave slightly positive results on
the plastic surface after 10 days but with only a few
visible ridges (Figures 25-28). Negative results were
obtained on coloured paper and plywood. Fingerprints
could be developed neither with white powder nor
with white cement even after only 10 days. The results
of development of latent prints from low sweating in-
dividuals are shown in Figures 29-32.
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Fig. 17. Fig. 18.

Fig. 17-18. Showing development of latent fingerprints on
a carbon surface after 10 days using white cement (17) and
white powder (18).

Fig. 19. Fig. 20.

Fig. 19-20. Showing development of latent fingerprints on
a carbon surface after 20 days using white cement (19) and
white powder (20).

Fig. 21. Fig. 22.
Fig. 21-22. Showing development of latent fingerprints on

a carbon surface after 30 days using white cement (21) and
white powder (22).

Fig. 25, Fig. 26.

Figures 25-26. Showing development of latent fingerprints
on a plastic surface after 10 days using white cement (25)
and white powder (26).

Fig. 23. Fig. 24.

Fig. 23-24. Showing development of latent fingerprints on
a carbon surface after 40 days using white cement (23) and
white powder (24).

Fig. 27. Fig. 28.

Fig. 27-28. Showing development of latent fingerprints on
a plastic surface after 20 days using white cement (27) and
white powder (28).

Problems of Forensic Sciences 2014, vol. 97, 5-13
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Fig. 29.

Fig. 30.

Fig. 29-30. Showing development of latent fingerprints from donor 1 (29) and donor 2 (30) on carbon surface on the spot using

white cement.

Fig. 31.

4. Conclusion

White cement showed potential for becoming
a promising addition to the series of fingerprint pow-
ders. This powder is easily available, fine, and less
expensive compared with conventional powders and
can be used for developing fingerprints and serve as
a good substitute. More experiments are required be-
fore introducing it as a full scale first line fingerprint
technique.

Fig. 32.
Fig. 31-32. Showing development of latent fingerprints from donor 3 (31) and donor 4 (32) on carbon surface on the spot using
white cement.
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ZASTOSOWANIE BIALEGO CEMENTU DO UJAWNIANIA ODCISKOW

PALCOW

1. Wprowadzenie

$lady linii papilarnych sa uwazane za jeden z najbar-
dziej wartosciowych dowodow podczas badania miejsca
przestepstwa. Indywiduainosé rysunku linii papilarnych
jest powszechnie akceptowana przez naukowcdw, jak
réwniez przez przedstawicieli wymiaru sprawiedliwosci.
Slady daktyloskopijne s3 tak bardzo indywidualne, ze
nawet fragmentaryczny i cze§ciowo zamazany slad moze
by¢ wykorzystany do identyfikacji osoby, ktéra go po-
zostawita. Zdarzajg si¢ czasem sytuacje, gdy ekspertom
pracujacym na miejscu zdarzenia brakuje konwencjonal-
nych §rodkéw ujawniajacych i woéwcezas inny, powszech-
nie dostgpny material (bialy cement) moze zostaé uzyty
jako substytut.

Ciagle opracowywane s3 nowe techniki wizualizacji
sladéw daktyloskopijnych, natomiast najbardziej trady-
cyjng techniky jest opylanie proszkiem. Kiedy drobiny
proszku daktyloskopijnego sa rozpylane nad badang po-
wierzchnig, proszek przywiera do tluszczow, wilgoci,
potu lub do innych substancji obecnych w §ladzie.

Organy $cigania wykorzystuja proszki daktyloskopij-
ne o réznym skladzie, z ktorych wigkszos¢ zawiera sub-
stancje barwigce uzywane w celu uzyskania odpowied-
niego kontrastu oraz sktadniki zywiczne dla zapewnienia
dobrej adhezji. Ogoblnie méwiac, wyrdznia si¢ cztery ro-
dzaje proszkow daktyloskopijnych: zwykie, luminescen-
cyjne, metaliczne i termoplastyczne [5].

Na przestrzeni lat opracowano liczne formuly prosz-
kéw daktyloskopijnych. Szczegélowy spis sktadu oraz
sposobu przygotowania poszczegolnych proszkéw moz-
na znalez¢ w pierwszym wydaniu ksigzki ,,Scott’s fin-
gerprint mechanics”, a takze w pracy autorstwa Goode’a
i Morrisa [3]. Trapecar i Balazic [7] opisali mozliwo$é
ujawnienia odciskéw palcoéw na powierzchni skory, przy
czym stwierdzili, Ze pozytywne rezultaty ujawniania na
skorze ludzkiej daje zastosowanie proszkow: czarmego
magnetycznego i czamego szwedzkiego.

Bialy cement portlandzki, poza kolorem, jest iden-
tyczny jak cement portlandzki szary. Cement portlandzki
jako gtowny skladnik betonu stanowi odpowiednia mie-
szank¢ wapnia, krzemu, glinu, Zelaza i niewielkich ilo-
$ci innych skiadnik6éw, do ktérych na konicowym etapie
produkcji dodawany jest gips bedacy regulatorem cza-
su wigzania betonu. Wapno i krzemionka tworza okolo
85% masy cementu. Podczas procesu produkcji biatego
cementu wytworcy wybieraja naturalne skladniki zawie-
rajace §ladowe ilo$ci tlenkéw Zelaza i magnezu (tabela I)
[1, 6].

Niniejsze badania zostaty zainicjowane potrzeba od-
nalezienia nowych, pospolitych substancji, ktére moga
zostaé uzyte jako zamiennik konwencjonalnych prosz-
kow daktyloskopijnych. Podjgto proby opracowania no-
wej metody ujawniania §ladéw za pomoca materiatu bu-
dowlanego (cementu) w charakterze takiego zamiennika.
Dodatkowo zbadano rowniez wplyw starzenia si¢ §ladow
na mozliwos¢ ich wizualizacji za pomoca tej substancji.

Wedtug autoré6w wspomniany rodzaj materialu (po-
wszechnie dostepnego w postaci proszku) dotychczas nie
by} przedmiotem takich badan. Poszukiwano zatem ta-
niego, tatwo dostepnego, skutecznie dziatajacego prosz-
ku do wizualizacji utajonych $ladéw linii papilarnych.
Autorzy maja nadziej¢, Ze niniejsza praca stanie si¢ zZrod-
fem uzytecznych informacji dla ekspertow z dziedziny
daktyloskopii.

2. Materialy i metody

Podczas przeprowadzonych badan odciski palcow
zostaly naniesione przez rozne osoby na wybrane pod-
foza. Bialy cement w postaci proszku (stosowany przy
ukladaniu glazury) zostal uzyty do ujawniania $ladow
na dwudziestu réznych podiozach. Proszek nanoszono
technikg opylania. Aplikacja proszku za pomocg pedzla
daktyloskopijnego jest nieskomplikowana, ale technika
ta ma réwniez swoje wady. Kontakt pedzla z powierzch-
nig, na ktorej znajduje si¢ §lad, moze spowodowac jego
uszkodzenie i w konsekwenciji utrat¢ czytelnosci cha-
rakterystycznych szczeg6léw budowy linii papilarnych.
Proszek rozpylano nad badana powierzchnia, a nastepnie
nadmiar proszku usuwano delikatnie pgdzlem az do mo-
mentu uzyskania czytelnego odwzorowania linii papilar-
nych.

Cement uzyty w badaniach produkowany jest na ry-
nek indyjski przez firmg J. K., White Cement Works,
znajdujacy si¢ w Gotan w poblizu Nagaur (okreg Rajas-
than). W przeciagu kilku ostatnich lat odnotowano wzrost
produkcji i sprzedazy tego materiatu w Indiach.

Do eksperymentéw wybrano zaréwno chionne,
niechionne, jak i pélchtonne podloza. Przetestowano na-
stgpujace: kolorowy blyszczacy papier, zwykly papier,
papier maszynowy, papier kredowy, papier fotograficzny,
bibulg, ekstrudowany polistyren, powierzchnie plastiko-
we (mysz komputerowa w ksztalcie dtugopisu), obydwie
strony plyty CD, okulary ochronne (gogle), sklejke, kal-
ke maszynowa, transparentng folig, celofan, polietylen
(biaty i brgzowy), brazowy papier okiadkowy (do opra-
wiania zeszytow), lakierowana powierzchni¢ stalowa,
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tekture (koloru zielonego), zwykle szklo (czame i biale),
powierzchnig¢ ceramiczng (kubek ceramiczny).

W badaniach nad starzeniem si¢ §ladéw linii papi-
larnych bialego cementu i tradycyjnego bialego proszku
(produkcji firmy ldeal Scientific Concerns, Kalkuta) uzy-
to czterech rdznych podiozy: kalki maszynowej, koloro-
wego papieru, powierzchni plastikowej 1 sklejki. Proces
starzenia si¢ $ladéw prowadzono przez 40 dni dla kazdego
zestawu badawczego skladajacego si¢ z kalki maszyno-
wej, kolorowego papieru, plastiku i sklejki. Odciski pal-
c6w ujawniano w odstepach dziesieciodniowych. Slady
pozostawiane byly przez osoby, ktére obficie wydzielaja
pot. Na wszystkich podtozach z danego zestawu zloZzono
po dwa odciski palcow w celu pdzniejszego ujawnienia
ich za pomocg bialego cementu i biatego proszku dakty-
loskopijnego. Dodatkowo $wieze §lady daktyloskopijne
pozostawione na kalce maszynowej przez osoby wydzie-
lajace mato potu ujawniano za pomocs biatego cementu,
uzyskujac takze w tym przypadku czytelny obraz linii
papilarnych.

3. Rezultaty i dyskusja

Na wiekszosci podlozy uzyskano przy uzyciu biatego
cementu bardzo dobre rezultaty wizualizacji w postaci
czytelnych §ladow linii papilarnych, ktére nie ustgpo-
waly jakoscig §ladom ujawnionym bialtym proszkiem
(ryciny 1-16). Na niektorych podlozach uzyskano na-
wet lepsze rezuitaty. Biaty cement okazal si¢ skuteczny
na czternastu spo§réd dwudziestu testowanych podiozy.
Jak si¢ spodziewano, na pozostatych podtozach koloru
biatego ujawnione $lady nie byly tak dobrze widoczne
z powodu stabego kontrastu z podlozem. Stwierdzono,
ze bialy cement nie nadaje si¢ do ujawniania §ladéw li-
nii papilarnych na zwyklym papierze, papierze maszy-
nowym, kredowym, fotograficznym, bibule i ekstrudo-
wanym polistyrenie, natomiast najlepiej sprawdza si¢
na kolorowych, kontrastujacych powierzchniach. Zaob-
serwowano ponadto, ze kontrast odgrywa bardzo wazng
role w wizualizacji §ladéw za pomoca bialego cementu.
W niektorych przypadkach widoczne byly nawet cechy
3 stopnia.

Garg [2] i Kumari [4] prowadzili badania nad wyko-
rzystaniem kurkumy, pokarméw syntetycznych oraz roz-
nokolorowego proszku (gulal) do ujawniania §ladéw linii
papilarnych. Slady ujawnione na stronie czynnej (zapisu)
plyty CD przy uzyciu bialego cementu nie uszkadzaja za-
pisanych na niej danych. Jest to zgodne z ustaleniami in-
nych autoréw badajacych wizualizacj¢ §ladéw na ptytach
CD i jej wplyw na mozliwo$¢ pdzniejszego odzyskania
danych. Rezultaty uzyskane dla starszych §ladéw przed-
stawiono na rycinach 17-28.

Sposér6d czterech badanych podlozy (niebieska kal-
ka maszynowa, plastik, kolorowy papier i sklejka) tylko

na kalce maszynowej po 40 dniach ujawniono §lady linii
papilarnych o zblizonej jakosci do §ladéw ujawnionych
bialym proszkiem daktyloskopijnym. Ujawnianie dzie-
sieciodniowych $ladow na powierzchni plastikowej za-
rébwno biatym cementem, jak i biatym proszkiem dakty-
loskopijnym, nie przyniosto dobrych efektéw, poniewaz
widoczne byly tylko pojedyncze linie papilame (ryciny
25-30). Negatywne rezultaty otrzymano w przypadku
kolorowego papieru i sklejki. Po uptywie 10 dni od mo-
mentu pozostawienia §ladow nie zdolano ujawni¢ zad-
nych odciskoéw palcow ani za pomocg biatego cementu,
ani bialego proszku daktyloskopijnego. Rezultaty wizua-
lizacji §ladéw daktyloskopijnych pobranych od osob sta-
bo wydzielajacych pot pokazano na rycinach 29-32.

4. Whnioski

Z badan wynika, ze bialy cement moze si¢ sta¢ ko-
lejnym proszkiem daktyloskopijnym. Jest on fatwo do-
stepny, dobry oraz tani w poréwnaniu z tradycyjnymi
proszkami daktyloskopijnymi i moze byé¢ stosowany do
ujawniania $ladow linii papilarnych jako ich skuteczny
zamiennik. Jednak przed wprowadzeniem tej substanciji
do powszechnie stosowanych daktyloskopijnych metod
ujawniajacych konieczne jest przeprowadzenie dalszych
badan.
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We report a versatile and facile route for highly sensitive detection of analytes through coupling the enlargement of
gold nanoparticles with fluorescence quenching. The fluorescence intensity of dye molecules (e.g., fluorescein or
rhodamine B) significantly decreased with the increasing concentration of reducing agents, such as hydrogen peroxide
and hydroquinone. The sensitivity for the detection of reducing agents was much higher than that of other methods
based on the absorbance measurement of enlarged gold nanoparticles or quantum-dot—enzyme hybridization.
We could successfully detect acetylthiocholine with the detection limit of several nanomolar concentration using an
enzymatic reaction by acetylcholine esterase, a key route for the detection of toxic organophosphate compounds. The
fluorescence quenching approach described in this report requires only a simple addition of fluorescence dye to the
reaction solutjon without any chemical modification. The strategy of fluorescence quenching coupled with nanoparticle
growth would provide a new horizon for the development of highly sensitive optical biosensors.

Recent advances in nanotechnology enable the participation of
nanoparticles as a key component in the assay of various
biological events.! For example, using metal-nanoparticle (NP)—
nucleotide conjugates, DNA hybridization has been analyzed
with surface plasmon resonance, surface enhanced Raman scatte-
ring, or quartz-crystal microbalance.2* Moreover, the activities of
various redox enzymes were assayed by measuring the absorbance
change of Au NPs, where change occurs when Au NPs grow
through the reduction of Au ions by reducing agents, such as
H,0,, produced during the enzymatic reactions.*"® Herein, we
report that the sensitivity of analyte detection can be greatly
enhanced if the Au NP enlargement is coupled with a quenching
of fluorescent dyes. H>O,, hydroquinone (HQ), and acetylthio-
choline were used as model analytesin this study. HQ is a phenolic
pollutant that can erode the skin or inhibit the nervous system.™®
Acetylthiocholine is a substrate of acetylcholine esterase (AChE).
The measurement of AChE activity is known to be a key route
for the detection of toxic organophosphate compounds, such
as nerve agents or pesticides, that inhibit AChE.>!® Thus, the
development of a highly sensitive detection method for HQ and
acetylthiocholine is critical for environmental monitoring and
security. As sensitivity is a key factor in the design of biosensors,

*Corresponding author. Telephone: +82 42 350 3340. Fax: +82 42 350
3310. E-mail: parkcb(@kaist.ac.kr.
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significant effort has been made to develop fluorescence-based
optical biosensors due to their high sensitivity.'"'? Au NPs
were previously introduced to fluorescence-based assays to
detect biologically important analytes,'>~!* and the assays rely
mostly on fluorescence resonance energy transfer (FRET)
phenomena. However, the design of detection probes based
on FRET requires the modification of fluorescent molecules to
accommodate the arrangement of metal NPs in a specific
direction or distance, complicating the preparation of sensing
elements.'®

The overall scheme for fluorescence quenching coupled with
the enlargement of Au NPs is depicted in Figure 1A. Au NPs are
enlarged by the reduction of Au ions on their surface in the
presence of a reducing agent. When a fluorescent dye, such as
fluorescein, is present in the reaction solution, its fluorescence can
be substantially quenched as a result of the Au NP enlargement.
The absorbance maximum of Au NPs typically ranges from 515
to 530 nm, depending on the size of the ‘Au NP,!” and the emission
band of fluorescein locates at approximately 520 nm that overlaps
the absorbance band of Au NPs. The growth of Au NPs results in
an increase of absorbance, which should affect the emission
intensity of the fluorescent dye due to the overlap between the
absorbance band and the emission band. To observe the possibi-
lity of fluorescence quenching by the enlargement of Au NPs, we
compared the fluorescence intensity of a solution containing a
molecular dye before and after the enlargement of Au NPs. The
solution containing Au NPs, HAuCly, and molecular dye (fluo-
rescein or rhodamine B) reacted with H,0,. After the growth of
Au NPs, the fluorescence intensity of fluorescein and rhodamine
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Figure 1. (A) Schematic diagram for fluorescence quenching by the enlargement of Au NPs through the reduction of Au ions in the presence
of reducing agent and AuCl,~. Change in fluorescence intensity of solution containing fluorescein (B) and rhodamine B (C) before (solid
line) and after (dotted line) the enlargement of Au NPs catalyzed by H,O-. Fluorescence profiles were measured with the excitation at 492
and 520 nm for fluorescein and rhodamine B, respectively. Insets are photographs of each reaction solution under UV radiation at

365 nm.

B decreased by approximately 83 and 75%, respectively
(Figure 1B, C). The pH change of the buffered solution was
negligible during the Au NP enlargement, not affecting the
fluorescence intensity. The pK, value of free fluorescein is 6.4,
and therefore, the conjugate may not be easily formed by an
electrostatic interaction at the solution pH (7.0) in this study.
Fluorescence quenching was not observed when the reducing
agent (e.g., H,O,) was added to the solution containing only the
molecular dye (Figure SI1A, Supporting Information), while
substantial quenching of fluorescence occurred in the presence
of HAuCly or Au NPs (Figure S1B, Supporting Information).
Metal NPs may function as an absorber to attenuate the emission
of fluorophore in dye when the emission band of the fluorophore
is superimposed on the absorption band of metal NPs. Thus, the
fluorescence from the molecular dye can be quenched, as the
absorbance band of Au NPs, located near the emission band of
the dye, is augmented along with the enlargement of Au NPs.
However, there might be still unknown factors influencing the
fluorescence quenching by Au NP enlargement; thus, further
studies are needed to unveil the underlying mechanism.

We analyzed the enlarged Au NPs by using transmission
electron microscopy (TEM) to investigate the relationship be-
tween the growth of Au NPs and the quenching of fluorescence.
As shown in Figure 2 (i—vi). Au NPs were gradually enlarged with
an increasing amount of H,O,. The generation of much smaller
Au NPs, with an average diameter of 5 nm. was also observed
(Figure 2ii). This should be due to the direct reduction of Au ions
in the reaction solution, not on the seeded Au NPs. The average
diameters of resulting Au NPs, after the growth by H,O, from
0 to 200 uM, changed approximately from 12.6 to 21.3 nm,
respectively, and the degree of fluorescence quenching was well

Langmuir 2009, 25(23 ), 13302-13305

correlated with the size of Au NPs, as shown in Figure 2. This
result supports the conclusion that the reduction of Au ions
caused the fluorescence quenching shown in Figure 1. The effect
of Au NP polydispersity and morphology on the fluorescence
quenching is not clear at this time, requiring a further analysis.
The fluorescence quenching approach requires only a simple
addition of fluorescence dye to nanoparticle growth solution
without any chemical modification. This process can provide
much enhanced sensitivity for the detection of analytes, compared
to conventional absorbance-based detection. In addition to the
H>0--induced enlargement of Au NPs. we performed the sensing
of HQ to investigate whether the fluorescence quenching by the
growth of Au NPs is applicable to the detection of other reduc-
tants. Like neurotransmitters, such as dopamine, adrenaline, or
noradrenalin, HQ has two hydroxyl groups that contribute two
electrons to Au ions for their reduction. According to our results,
HQ alone did not quench the fluorescence of fluorescein like
H,0, (Figure S1A, Supporting Information). As shown in
Figure 3A, the resulting fluorescence intensity gradually de-
creased with the increasing concentration of HQ from 0 to
6 uM in the solution. The degree of fluorescence quenching at
512 nm reached approximately 13% with 0.8 xM HQ, but the
absorbance change at 535 nm in the same solution was only
about 3.5% (Figure 3B). Moreover, the absorbance curves
were almost constant in the range of HQ concentration to
0.2 uM, while there were significant changes in fluorescence
intensity. These results indicate that the sensitivity of the system
using fluorescence quenching coupled with the growth of the
Au NPs is much higher than the measurement of absorbance
change. The detection limit of HQ by fluorescence quenching
was measured to be approximately ~0.006 #M in our study,
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which is 100 times more sensitive than the detection limit of HQ
reported in a recent study using a quantum-dot—enzyme hybrid
system.'®

(18) Yuan, J.; Guo, W.; Wang, E. Anal. Chem. 2008, 80. 1141-1145.
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from 0 to 1.6 #M in the presence of AChE. The growth solution
consisted of Au NPs (0.22 uM), HAuCl, (0.2 mM), and AChE
(1 ug/mL) in a 10 mM phosphate buffer. Inset shows normalized
degree of fluorescence quenching correlated with the concentration
of acetylthiocholine.

We have further studied the fluorescence quenching by an
enzyme-mediated growth of Au NPs. As described in Figure 4,
acetylthiocholine turns into thiocholine by reacting with AChE:
two thiocholine molecules then couple to produce dithiocholine
and an electron. The resulting electron would reduce the Au ions
into Au atoms to enlarge the Au NP seeds. According to a control
experiment, the growth of Au NPs did not occur in the absence of
either AChE or acetylthiocholine (data not shown). Thus, the
AChE-catalyzed production of electrons is essential for the
enlargement of Au NPs. As shown in Figure 4, the profiles of
fluorescence intensity changes show a gradual decrease in inten-
sity with the increasing concentration of acetylthiocholine. The
value of the normalized degree of fluorescence quenching was
proportional to the concentration of acetylthiocholine from 0 to
1.6 uM (inset of Figure 4) and tended toward saturation at a
higher concentration (data not shown). The lowered degree of
fluorescence quenching at high acetylthiocholine concentration is
attributed to a depressed growth of Au NPs, as in the case of H,O,
in Figure 2. We found that the detection limit of acetylthiocholine

Langmuir 2009, 25¢23 ), 1330213305
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was approximately ~0.02 M when it was detected through
fluorescence quenching coupled with the growth of Au NPs.
We measured the response time of fluorescence quenching by
observing the fluorescence changes for 40 min after the addition
of 40 uM analyte (H,O,, hydroquinone, or acetylthiocholine) into
the reaction solution (Figure S2, Supporting Information). At the
same concentration of analyte, acetylthiocholine caused the
fastest quenching of fluorescence. The fluorescence quenching
by acetylthiocholine/AChE was completed almost within 5 min,
which is attributed to the fast reduction of HAuCl, by electrons
produced during the reaction between AChE and acetylthioch-
line.

In summary, we have demonstrated the quenching of fluores-
cence coupled with the enlargement of Au NPs through the
reduction of Au ions. The fluorescence intensity of dye molecules
gradually decreased with the increasing concentration of reducing
agents, such as H,O, and hydroquinone. The sensitivity for the
detection of reducing agents in this study was much higher than
that of other methods based on the absorbance measurement of
enlarged Au NPs or quantum-dot—enzyme hybridization. As a
result of fluorescence quenching, we could successfully detect
acetylthiocholine with the detection limit of 10™® M using an
enzymatic reaction by AChE. We expect that the detection of
analytes through fluorescence quenching coupled with the growth
of metal NPs may provide a basis for the future development of
highly sensitive optical biosensors.

Materials and Methods

Materials. Hydrogen tetrachlorocaurate trihydrate (HAuCl,-
3H,0). hydroquinone (HQ), acetylcholine esterase (AChE). acet-
ylthiocholine, fluorescein, and rhodamine B were purchased from
Sigma-Aldrich (St. Louis, MO), and they were used without
further purification. Au NPs (diameter: 13 & 2 nm) were synthe-
sized by using citrate as a reducing agent and stabilizer follow-
ing the previous literature.'” The prepared Au NPs solution was
stable for at least 1 month and used within 2 weeks of its pre-
paration.

Fluorescence Quenching of Dye Molecules by Au NP
Enlargement. Fluorescein or rhodamine B (5 #M) were sepa-
rately mixed with HAuCl, (0.2 mM) and Au NPs (0.22 xuM) in a
phosphate buffer (10 mM, pH 7.0). To obtain fluorescence
profiles and photograph images in Figure 1B and C, 100 uM

(19) Grabar. K. C.; Freeman. R. G.; Hommer, M. B.; Natan, M. J. Anal. Chem.
1995, 67, 735-743.
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H,0, was added for the reduction of Au ions and the solution was
kept at 37 °C for 20 min. The fluorescence profile of the resulting
solution was measured by using the spectrofluorophotometer RF-
5301PC (Shimadzu. Japan) with the excitation wavelength at 492
and 520 nm for fluorescein and rhodamine B, respectively. The
inset photographs in Figure 1 were taken with a conventional
digital camera under the irradiation of 365 nm through use of a 6
W UV lamp VL-6.LC (Vilber Lourmat, France) in a dark place.

Detection of H,O; and HQ by Measuring Fluorescence
Quenching. A growth solution containing fluorescein (5 uM),
HAuCl, (0.2 mM). and Au NPs (0.22 uM) was prepared in a 10
mM, pH 7.0 phosphate buffer. H-O, or HQ was added to the
growth solution, which was kept at 37 °C for 20 min. The
fluorescence intensity and the absorbance of the resulting solution
were measured by using the spectrofluorophotometer and
UV—vis spectrophotometer Biospec-mini (Shimadzu. Japan),
respectively. For the transmission electron microscopy (TEM)
analysis of Au NPs after the growth reaction, we used a scanning
transmission electron microscope HD-2300A (Hitachi, Japan)
operating at 200 kV. Samples were prepared by dropping 3 4L of
each resulting solution on 300-mesh carbon coated copper grids
and drying them in a vacuum at room temperature for 3 h.

Fluorescence Quenching by AChE-Mediated Reaction of
Au NP Enlargement. AChE (1 yg/mL) and fluorescein (5 uM)
were dissolved in a 10 mM, pH 7.0 phosphate buffer. Acetylthio-
choline (0—1.6 uM) was added to the prepared solution for the
reaction catalyzed by AChE at 37 °C for 10 min. After incubation,
HAuCl, (0.2 mM) and Au NPs (0.22 M) were introduced to the
solution and the mixture was incubated at 37 °C for 20 min, and
then the fluorescence intensity of the resulting solution was
measured with the spectrofluorophotometer.
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Abstract. Fluorescence polarization and emission spectra of Rhodamine 6G solution with gold
nanoparticles have been studied. It is found that the emission intensities tend to be low when the gold
nanoparticles are added into the solution partly due to the energy transfer from the Rhodamine 6G to
gold nanoparticles. The fluorescence polarization increases as the concentration ratio of the gold and
Rhodamine 6G is more than 124 and decreases as the ratio is about 1115. The enhancement and
reduction of fluorescence polarization values are understood as the shortening of the fluorescence
lifetime and a temperature effect from the heating of gold nanoparticles, respectively.

Introduction

Fluorescence polarization (FP) measurements have long been used as a powerful technique for the
analysis of molecular interactions in biological and chemical systems [1-3]. The technique is based
on the fact that the degree of polarization of a molecule is related to its rotation arising from
Brownian dynamics as show in Fig. 1. When a large molecule is excited by a polarized light, it is
slowly rotated and emited more polarized light. On the other hand, a smaller molecule rotates faster
and emit less polarized light. Therefore, the small degree of polarization indicates that the
fluorescent molecules move freely in the solution, whereas large degree of polarization presents the
molecular complex.
Slow rotation

b,
N,

Ct
J [0, e NC
: ¢ ‘ High FP
[ o

Polarized light

(a)

Polarized light

-

(b)
Fig. 1: High fluorescence polarization (a) and low fluorescence polarization (b) are resulted from a slow rotation and a
fast rotation of the molecules during the excited state, respectively.

Quantitatively, the FP measurements are typically performed as shown in Fig. 2(a). A
monochromatic light passes through a polarizing filter to excite a sample. The fluorescence emission
is then measured in both the horizontal and vertical planes. The degree of polarization then calculated
as [4],

All rights reserved. No part of contents of this paper may be reproduced or transmitted in anr form or by any means without the written permission of Trans
Tech Publications, www.scientific.net. (#108804224, University of Pennsylvania Library, Philadelphia, USA-25/06/18,23:44:32)
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FP= (1)

where FP is fluorescence polarization.
F, is fluorescence intensity parallel to the excitation plane.
F is fluorescence intensity perpendicular to the excitation plane.
Horizontal Polarizer {P3)
Vertical Polarizer (P1) /

Isotropic emission from
excited molecule

Unpolarized light

I Vertical Polarizer (P2)

§ vervou oo

(a)

Fig. 2: Optical setup of the fluorescence polarization (a) and emission measurements (b).

In the present study, we measure the optical spectra and fluorescence polarization of Rhodamine
6G (Rh6G) and Au metal nanoparticles (Au MNPs) composite. The Rh6G molecules are widely used
as fluorescent probes owing to their excellent photo stability and photo physical properties such as
high absorption coefficient and broad fluorescence in the visible region. A large number of
publications have been reported that when such a dye solution is mixed with Au MNPs, it possess a
strong plasmon field. Its fluorescence emission also might quench or enhance extensively [5-7]. Our
study is to better gain insight into this phenomenon and predict the extent of quenching and/or
enhancement of fluorescence in terms of FP measurement. The experimental results might be
beneficially utilized in the molecular sensing and imaging applications.

Materials and Methods

The Rh6G and Au MNPs (¢ = 90 + 10 nm) were purchased from Sigma-Aldrich (USA). The Au
MNPs were dispersed in deionized (DI) water prior mixing with Rh6G solution (in DI) as shown in
Table 1. The concentration of Rh6G and Au MMPs solution was consisted of a constant
concentration of Rh6G (5 pM) and a variety of concentration of Au MNPs (0 - 5.57 mM).

Table 1: Concentrations of Rh6G and Au MNPs in DI water.

Sample # Rh6G (uM) Au MNPs (mM) Concentration Ratio
(Au:Rh6G)

1 5 0 -

2 5 0.62 124
3 5 1.86 372
4 5 3.10 619
5 5 4.34 867
6 5 5.57 1115

Fluorescence spectra were measured at a room temperature based on the schematic as shown in
Fig. 2. InFig. 2(b), 3 mW green laser diode at a wavelength of 532 nm was set up to excite the sample.
The emission signal was detected at the right angles to the incident beam. In Fig. 2(a), samples were
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excited with linear polarized light using the green laser diode together with a dichroic polarizer sheet.
The fluorescence intensities parallel ( F,) and perpendicular ( F, ) to the excitation plane were

simultaneously detected using UV/Vis spectrometers: S1 and S2 respectively. The FP values were
calculated using the following equation adopted from Eq. (1),

_ J-F/l,//d/1 __“C/IF}.,.L

FP=
[F,,d2+[C,F,,

2

where C, is a correction factor being used for correcting the detection characteristic from the
different spectrometer. The factor was derived from the ratio of the fluorescence intensities
obtained from spectrometer S1 (Is;) and S2 (Is;) under an identical condition.

Results and Discussion

Absorption spectrum of Au MNPs and typical fluorescence spectra of the samples are shown in Fig.
3.
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Fig. 3: Absorption spectrum of Au MNPs and fluorescence spectra of the sample#1 - 6.

It is seen that the addition of Au MNPs into the Rh6G solution results in a decrease of the
fluorescence intensity. The observation of this emission quenching as the concentration of Au MNPs
increases is caused by a nonradiative energy transfer process from the excited fluorophores to the
gold nanoparticles. Such a process is similar to those reported in Refs [8-10]. It occurs due to the
spectral overlapping between the fluorescence spectrum of Rh6G (donor) and the absorption
spectrum of the Au MMPs (acceptor) as shown in Fig. 3. To determine the possibility of fluorescence
quenching by the addition of Au MNPs, we compare the fluorescence intensity of a Rh6G solution
before and after the addition of Au MNPs. The intensity ratio, R, is determined using Eq. (3),

R= J‘FRMG/Audﬂ’/JlFRhGGdA' (3)

The ratio is found in a range of 0.91 - 0.98. The FP values are calculated by using Eq. (2) and
plotted as a function of concentration ratio of Rh6G and Au MNPs as shown in Fig. 4. A few change
of the FP value is observed as the concentration ratio of the Au MNPs: Rh6G is about 124 (sample#
2). The FP tends to increase as the concentration ratio is increased (sample# 3-5) as the result of a
shortening of the fluorescence lifetime of Rh6G molecule in a presence of Au MNPs [11]. However,
the FP decreases when the concentration ratio of the Au MNPs:Rh6G is over 867 (sample# 6). This is
possible due to Au MNPs act as a heat source [12]. The presence of Au MNPs introduces the
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enhacement of temperature into the solution system. Such rise temperature causes a faster rotation of
the fluorescence molecules.
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Fig. 4: A relationship between the fluorescence polarization (FP) and concentration ratio of Rh6G and Au MNPs.

A relationship between fluorescence polarization (FP) and fluorescence intensity ratio (R) of
sample#2- 5 is plotted as shown in Fig. 5. The fluorescence intensity ratio is slightly decreased when
FP values are in between 0.051 and 0.067, and strongly reduced as FP values go beyond 0.067.
Therefore, such changes of FP values are able to predict the a certian degree of quenching of the
fluorescence signals.
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Fig. 5: A relationship between fluorescence polarization (FP) and fluorescence intensity ratio (R) of sample#2- 5.

Conclusion

We have studied the effects of gold nanoparticles on the fluorescence polarization and emission
spectra of Rhodamine 6G solution. The experimental results are indicated that the emission
intensities are quenched as the gold nanoparticles are filled to the solution partly because of the
non-radiative energy transfer from Rhodamine 6G molecules to Au metal nanoparticles. The increase
and decrease of the fluorescence polarization values are observed as the concentration of the Au
metal nanoparticles is increased. The change of the fluorescence polarization values has been

understood as the shortening of the fluorescence lifetime and temperature effect from gold
nanoparticles.
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