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7KH 8 QGHW WGXDW 5 HVHDUFK & HOWHUV 85&
P LWLRQ LV WVR EH WKH FHQWDOKXE | RU
FRP P XQLFDWRQ DERXWXQGHW WGXDWA WHVHDUFK
JWOWSUWRI WPV DQG RVKHU ULHMDWG

RSSRUWXQMWHY RQ DQG RIl FDP SXV WR GLVWILE XVH

XQLYHWLW | XQGV | RU XQGHW WDWGXDWA UHVHDUFK

DQG FUHDWYH SWIRMHFW DQG WR SWRP RWA
GLVVHP LODWRQ Rl WLHVXOW VKLRXJ K WDYHOJ WDQW
DQG E\ RITHUQJ RSSRWXQLWHV | RUVWXGHQW WR
S WIHVHQWVWKHLU UIHVHDUFK' | LQGLQJ V
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" XHWR WH UVH R GXI UAVMEQWAMDIQVR! 1XQI DCSDWRIHQV VXAK DV &L SVRFRFFXV
QHRIRWP DQV DQG &DQGIGD DELFDQV WHUH KDV EHHQ D QHHG \R IGHOWM QHZ
DQWXQI DI HQW -Q FRP SDUVRQ VR QDWILD® SURGXFHG DOWXQI DCSHSWGHY
DQWXQIDCSHSVRIGY P DIQO GlLIHUIQ VAKPMIH Z KIFK SUHYHQW SURWDVH UHFRIQURQ
JIMQI KLIKHUEIRDYDIDELDN 3UHYIRXV \AXGIHV KDYH VKRZ Q WDASHS\VRIGY DUIH
HIHPRYH IXQIIRGHY 50 *  DQG50 * \E R SHSVRIGV UHFHQWD GIVFRYHUHG [Q WH
O4FNHU/ DE KDYH SURYHQ VR EH HI HARYH DQWXQI DADI HQW DIDIQWAR. QHRIRWP DQV
DQG & DBIFDQV UHVSHARYHD 5HSRUMG KHUH Z I@EH WGV VR GHWMLP 1OH WH
P HAKDQWP RI DRARQ DQG RWHUYMIONHIDSHXWE SIRSHUMAVRI 50 *  DQG50 *

XMQJ YDURXV EIRFAKHP IFDADQG P IRREIRBJIFDADAD, V 3UHIP IQDY LHVXAVRI

. = RUMFDCP IBH FROFHOADWRQ WM IQGFDWWDWEO *  DVZ HODV50 * R

) DFXQV 0 HQVRU QRWH IMADV P IFHTN DAKHUP IQP XP IQKIEMRY FROPHQADARQY EXWDMHU

a

" U . HYLQ %4FNHU IXQRRQ XQP RBFXOUD 8 Q) D SDDBIDUNIADAP HP ELDQH SHUP HOEION DWDL W
+RP HRZ Q &DUKDIH 71 ZDVIRXQGWDVEO * LV @NHO XQDE®I R SHOHADM \WH EBRG EUDIQ EDUIHU
+RZHYHUS0*  GHP RQMDWMG JRRG SHP HDELDV IQGIFDW) \WDVMP D EH DEG

VR SHOHWDW WH EGRG EWDIQ EDUUHUMR WHDWGEDQI HURXY QHXURRI IFDAQ HAWRQVRI
IXQIL 6XEVHTXHOW DWD\ V Z IQEH FRQGXPWG 1Q RUGHUWR | XUMHUXQGHUMIQG WH
P HKDQWP RI DRAARQ RI ERW SHSWRIG FRP SRXQGV VR DGEHW WH UMQJ FROAHWODRI

GUXI UHMMEQWADIQVR! 1XQIDCSDWRIHQV

0$5=(%$$. 7(5

(11HPAR DFXVI R] \ VRALQ DGP LQMWDVRQ RQ VRADCEHKDYLRULQ P DB DQG
IHP D®I P LFH

2 [\ WRAQ LV D QHXUIRADQVP MUDQG KRUP RQH Z IW D Z HOHWEEQAKHG LR®I LQ
SWIRVRADCEHKDYIRWY/ 1Q DQIP DO DQG KXP DQV W FXUHQ® EHQJ WG LQ FTIFDO
WD | RUWH WHDR HOWRI VRADOA P SVRP V DWRADWG Z W DXWP VSHRWKP
GMRUGHWY + RZ HYHU WH EHKDYIRIDCH IHAWR! R] \ VRAQ WHDW HQAKDYH EHHQ
YDUDE®! Z W ERW SUIRVRADOIQRUHDVHG HP SDIM\  DQG DQWRADOIQAHDVHG
FRP SHWAHQHW EHKDYIRWYY UHVXEMY 1Q KXP DQV' 3UHYIRXV WXGHV IQ RXUDE KDYH
VKRZ Q IQRIHDVHG D IHW @\H EHKDYIRWY/ IQ P IFH WHDMG FKURQIFD® Z W R] \ VRAQ
XJ GRHSHUGD: IRU  FRQUHPXWYH GD\V GDW XQSXEQKHG  7KH FXUHQAMXG,
DIP VR VHH WH HIHPARI DRXWM R \ VRAIQ DGP LQMADWRQ RQ VRADCEHKDYIRUIQ P D
DQG IHP DBI P 1FH VR GHWUP IQH 1L WH VFKHGX®I Rl R] \ VRAQ DGP IQMADWRQ DI IHAW

) DFXQV 0 HQVRU EHKDYIRIDARXWRP HV $GXO& % - P IFH Z LQEH DFXWIO SUHWHDMG Z IW VDEH RU
' U 7UIDQ\ 5RIHW RI\WAQ  %d DQKRXUEHRUHWH EHKDYRUWMN 6DIH RUR] \ VRAQ Z IOEH
+RP HVRZ Q 0 XUWHHVERWR 71 DGP IQVWMHG HWHUIQADQDVD® LQ  XJIQ X/ X/ SHUQRMWIORU

IQADSHMRQHD® LS XJIQ X/ O IFHZ IQFRP SGMW DEDAMAY Rl EHKDYIRUDO
WMV IQFOGIQ) WH HBDMG SOVP D H (30  WUHH FKDP EHUVRADEION VM &
DQG |UHH G\ DAF VRADAQWMDAWRQ )’ 6— DIVWUGUKJ DGP LOMADWRQ R GHWALP IOH
FKDQIHV IQ VRADCEHKDYIRUDQG DY IHW @H EHKDYIRU 1 RGXV ( WRIMRQ; 7 DQG
KXP DQ FRGHY/ Z L@FRGH DJ IHW @\H EHKDYIRY VRADCSUH HIHQAH DQG VRADO
QRYHIV —H SHRAWR 119G WDWDFXWM R] \ VRAIQ DGP LQMADWRQ Z LOQRUHDVH VRADELDW
DVP HDXXWHGE\ WH & DQG)' 6-\IVNV Z KIBI DYRIGIQ) IQRIHDVHVIQ DY IHW @\H
EHKDMRWY DVP HDVXUHG E\ WH (30 VWN DWRADWG Z W FKURQEE DGP LOMAMRQ

85& 3DJH
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) DFXQV 0 HQVRU
' USQWRQ 1 HZVRP H
+RP HVRZ Q 0 XUUWHHVERR 71

) DFXQV 0 HQVRU

' U -HQQU HU+ HUQIVRQ
+RP HVRZ Q 1 DVKYLQ 71

85& 3DJH

+817(5 %$' <

- QYHVWLIDWLRQ RI WKH $QWL YLUDO 3URSHI
XVLQJ WKH 06 %DFWHULRSKDJH

BL0FH WH HP HUHQPFH R WH 6$56 &R9 YLLKV WH HWREJ IFDCDI HQWKDW
FDXVHV &2 9~ WH QHHG R LGHQW\ DQALDCARI HQW | RUGMQ HAMRQ
SXUSRVHV KDV GLDP DWFD® LQAHDVHG &KBUQH GIR] IGH JDV KDV SUHYIRX\VD
EHHQ LGHQWIHG DV DQ DQAEDRAMUDCI HOAZ W VARQJ R] 1G] LQ) FDSDELDAHV
7KHO 6  EDPWMURSKDIH KDV SUHYIRXV® EHHQ IGHQWIHG DV D VXIMIE®
VXURIDWM | RUWH GHYHBSP HOADQG DSSGFDWRQ RI YILKAGH

GHRQEP ICDARQ P HWRGVE\ WH ( QMLRQP HOECBLIRMPARQ $IHQR 7KLY
VMG DIP HG\R IGHOW\ DQG DWHW WH DOWALDCSURSHIAAV Rl FKEBUCH
GR] IGH JDVDQG R IGHQWM RSWP XP  SK\ FDOFRQGMRQV | RUSRWQADO

GHS®\ P HOWQ VXSSRUARI FXUHQADQWHLDOGIMQ HAWRQ QHHGV 8 QU WH
06 EDPMIRSKDIHP RGHOAMMP SUHIP IQDU AXGIHV XVHG WH GRXE®I

O HUDIDUSOTXHDWD, WIFKQT XH VR HYDXDW WH DOWNLDOORRMW RI
FKAUOH GR] IGHJIDV SHVXW IHYHDBIG XS R DML ®J WHGXPARQ
RIWHO 6 EDRAMURSKDIHRII RI SRURXVVXUDAHV 7KHH UHVXOV VXJIHWV

WDWRKERUCH GR] IGH JDV 1V D VXIWE®!I DOWRALDADI HQW

(0$$ (/5$<$+

'"HYHORSPHQW RI 6L]H 'LVFUHWH 3/*$ 1DQRSI
7DUJHWHG 'UXJ '"HOLYHU\

3UHMP ELUN 37% LVWH GDGAQI FDXVH R 1O DQWP RUEBOV \ HVIHH DUH QR
H I HPRYH WHDR HOW & XUHQWRFROWEY KDYH SRRUVSHALIAW DQG UHDGI®
FLRW WH SOFHQECEDUIHU FDXMQI KDUP VR ERW P RWHUDQG | HWV
8 \WUQH B MG QDQRSDUANE®N KDYH HP HUIHG DV D SRIMQWDOGUKI GHDYHU
VIVMP IRUWHWHDR HOWRI 37% 3RO OPWE FR JOFRTF DAG 3/* $ IVDQ
)" $ DSSURYHG EIRP DWUDCY W WH FDSDAW | RUXVH 1Q REVMWIE WHUDSIHY
" XHWR WHM] H H FOMYIW Rl WH SOPHQECEDUIHU WH GHMIQRI GUXJ
HQFDSVXOWG QDQRSDUAEBN P XVWFRMGHUSDUNF®I V) H + HHZ H\KRZ WH
GHYHBSP HQARI D SURFHGXUH VR IRWP XOW P RQRGVSHUHG 3/ * $
QDQRSDUNFBN Z I GMVAUHWM ] H SRSXOWRQY 8 QI DQ RIAQ Z DMUHP XMIRQ
WIFKQTXH DGDSWAG ILRP + D\ FRRN HWDO ZHFRP SDUHG \E R GLIHIHQW
P HWRGV XVQ) HWHUHM COFHVIWM (\BF RUGIEK®URP HMDQH ' &0 DV\WH
RUDQE SKDWH ) XUKHP RUH Z HWMWMG GLLIHIHQAKRP RIHQ DARQ P HWRGV
© HWHQ GHYHBSHG D SXULIEDWRQ P HWRG XMQ) VHUDGFHQMLXI DARQ\\R
IVROW GVRUHWM M} H LDQIHV 7KH QDQRSDUAFGN Z HH DQDO] HG IRUM] H DQG
SROGVSHIW YID G\ QDP IF @ KVWFDWHUQ) DQG YHULIHG YID VFDQQLQ) HBPARQ
P IFRVFRS\ : HIRXQGWDMNH' &0 IRUP XOWRQ SURGXFHG SDUNFBN Z W D
®Z HUSROGVSHUW IQGH 3" — WDQ ( WF W

© HGHWMLP IQHG WDAKRP RIHQ] IQ) WH HP XOIRQDNV  VHARQGV
SURGXPHG WH P RWGVAUHM ] H SRSXOMRQY ZIW BZ 3' -/

+HHZ HWKRZ WDWZ HVXFPHWX@® HP S® HG D EHQFK \RS

HP XOIRQ VR FUHDM DQG VROW 3/ * $ QDQRSDUNFGN Z IWIQ VSHALLE M} H
WDQIHV 7KLY DSSURDFK KRGV VARQ) SRIMQWIORUWH GHYHBSP HQARI D
QDQRSDUAFGI GLXI GHIYHY Vi VMP IRU37% |RUZ KIEK QRYHOMHUDSIHY DUH
GHVSHIDMO QHHGHG
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) DFEXQV 0 HQVRRU
" U S5HEHFFD 6HLISHAV7 KLHP DQQ
+RP HVRZ Q : RRGEXU 71

d

) DFXQV 0 HQVRU
' U$SUO HWWP LapU
+RP HRZ Q $QURFK 71
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SQUELRVF SHUIWDQFHH 1 $ LQVIKH 6VRQHV5LYHU:  DVIAUKHG

JURP WKH EHJLQQLQJ RI DQWLELRWLF XVH DQWLELR
FRPSOLFDWLRQV KDV EHHQ VZHHSLQJ WKH QDWLRQ
UHVLVWDQW JHQHV E\ UHSHDWHG H[SRVXUHV WKH\
HQFRGLQJ DQWLELRWLF UHVLVWDQFH SURWHLQV E\
IUDJPHQWYV WKDW RULJLQDWH IURP GHDG DQWLELRW
HQYLURQPHQW $OWHUQDWLYHO\ EDFWHULDO YLUX\
ZKLFK FRXOG WUDQVIHU WKH UHVLVWDQFH WKURXJK
DQG WUDFN YDOLG ORFDO VRXUFHV RI DQWLELRWLF
WKH\ UHSUHVHQW QRW RQO\ SUHVHQFH Rl UHVLVWD!
UHVLVWDQFH 7KH SXUSRVH RI WKLV VWXG\ LV WR W
UHVLVWDQW JHQH DOOHOHV %OD %OD 7(0 %OD 6-
‘DWHUVKHG DQG FRPSDUH WKH SUHYDOHQFH WR ODC
DQWLELRWLFV VXFK DV KRVSLWDOV YHWHULQDU\ FC
(QYLURQPHQWDO '1$ ZLOO EH LVRODWHG IURP REWD
VDPSOHV ZLOO EH IXUWKHU FOHDQHG LQ SUHSDUDW
UHDFWLRQ IROORZHG E\ DJDURVH JHO HOHFWURSKR!
SUHVHQFH RI WKH YDULDQWVY Rl WKH « ODFWDPDVH I
FRPSDULVRQ RI DQWLELRWLF UHVLVWDQFH JHQH DO
ZLOO UHYHDO LI DQ\ SDUWLFXODU ODQG XVH VKRXO
DJDLQVW DQWLELRWLF UHVLVWDQFH EDFWHULD

-(66( 6&2 % (

- QYHVWLIDWLQJ WKH 6LJQLILFDQFH RI WKH 1
3HGLDWULF 1HXUREODVWRPD

1IHXUREODVWRPD 1% LV WKH PRVW FRPPRQ VROLG
KLJK ULVN FDVHV DVVRFLDWHG ZLWK 1 0<& DPSOLIL
UDWH 1 0<& LV DQ RQFRSURWHLQ WUDQVFULSWLRQ
WUDQVIRUPDWLRQ RI D KHDOWK\ FHOO LQWR D WXP|
RI'1 0<& LV D VRXJKW DIWHU WKHUDSHXWLF JRDO 5
:'5 ZDV GLVFRYHUHG DV DQ LPSRUWDQW 0<& FR IDF
WDUJHW JHQH H[SUHVVLRQ DQG HYLGHQFH LQ 1 0<¢
H[WHQVLYH FR ORFDOL]DWLRQ RI 1 0<& DQG :'5 DW
LPSRUWDQW ELRORJLFDO IXQFWLRQV 7KHVH GDWD

LQWHUDFWLRQ PD\ FRQWURO D YDULHW\ RI LPSRUW
D FOHDU DQDO\VLV IRFXVHG RQ DQ\ VLQJOH IXQFWL
7KXV WKLV VWXG\ ZDV GHVLJQHG WR GHWHUPLQH L
LQWHUDFWLRQ DOWHUV H[SUHVVLRQ RI JHQHV OLQN
IXQFWLRQ RI 1 0<& 8VLQJ PXOWLSOH HQJLQHHUHG :
P51$ DQDO\VLV Rl SUR DQG DQWL DSRSWRWLF JHQF
RI WKLY VWXG\ UHYHDO WKDW EORFNLQJ WKH 1 0<&
RYHUW FKDQJHV LQ DSRSWRWLF JHQH H[SUHVVLRQ

0<& :'5 LQWHUDFWLRQ PD\ QRW EH VXIILFLHQW WR |
IXWXUH VWXGLHV XVLQJ GLIIHUHQW FHOO OLQHV RU
FRQILUP WKHVH UHVXOWV *LYHQ WKH H[WHQW RI 1

JHQHV LQYROYHG LQ HVVHQWLDO ELRORJLFDO SURF
ZDUUDQWHG WR GHGXFH WKH WRWDOLW\ RI FHOOXO
'5 FDQQRW ELQG 1 0<& LQ WKHVH GHDGO\ PDOLJQD
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) DEXQV 0 HOVRU
"U' DQHQ LHQWR
+RP HRZ Q $OURFK 71

/1" 6(< 75$1

&UHDMRQRI HHRAR P DIQHWF DWMWIHG 6VDUMNH | RWP DMRQ
ILRP  FDQRHURH@Y XMQJ D VHUWMDS

&DQFHU LV WKH VHFRQG OHDGLQJ FDXVH RI GHDWK
UDGLDWLRQ WKHUDS\ KDV EHHQ WKH PRVW HIIHFWL"
SDWLHQWY LW VWLOO KDV KDUPIXO DQG ORQJ ODV\
WKHLU TXDOLW\ RI OLIH 7KH LQLWLDO SXUSRVH RI
GDPDJH FDXVHG IURP FDQFHU WUHDWPHQW E\ ILQGL
LRQL]DWLRQ UHTXLUHG WR HOLPLQDWH D VLQJOH %
WUDSSLQJ /7 WHFKQRORJ\ +RZHYHU DPLG H[SHUL
VFLHQWLILF SKHQRPHQD ZDV PDGH DQG JLYHQ WKH
6WDU OLNH IRUPDWLRQ %RWK SKHQRPHQD KDYH V
DQG FRQVHUYH HQHUJ\ :LWK WKH ZRUOG V FRQWLQ
WKHVH WZR GLVFRYHULHV FDQ EH XVHG DV DQ DSSU
WHFKQRORJ\ DQG VRODU HQHUJ\ KDUYHVWLQJ 7KXV
H[SDQGHG DQG VHSDUDWHG LQWR SKDVHV 6LQJOH
DQG 6WDU OLNH IRUPDWLRQ $ PLIWXUH VROXW.L
EHDGV ZDV SRXUHG RQWR D GHSUHVVLRQ VOLGH DQ
RYHU \HDUV WKH VDPH GHSUHVVLRQ VOLGH KDV E
PHDVXUHPHQWYV IRU HDFK SKDVH -Q WKH VLQJOH LI
ZHUH XVHG WR PLQLPL]H WKH DPRXQW RI LRQL]DWLF
%7 FHOO —-W ZDV IRXQG WKDW WKH LQWHUDFWLRQ
DQG WKH PDJQHWLF EHDGYV HOHFWURPDJQHWLVP DI
7KXV D VLJQLILFDQW UHGXFWLRQ RI DSSUR[LPDWHC
SHULRG ZLWK WKH DGGLWLRQ Rl WKH PDJQHWLF EHI
VSDFH IRUPV RQFH WKH PL[WXUH LQWHUDFWV ZLWK
VWRUDJH FDSDFLWRU WKDW UDSLGO\ H[SDQGV DV W
HQHUJ\ LV DEVRUEHG 7KLV H[SDQVLRQ FDXVHV DOO
WRZDUGV WKH GDUN UHJLRQ \HW LW LV QHYHU DEO
H[SORVLRQ WKH HQHUJ\ RI 'DUN VSDFH FDXVHV Wk
D SODVPD DFWLQJ DV D VHD RI SRVLWLYH DQG QHJI
6WDU OLNH LOOXPLQDWLRQ IRUPV RQFH WKH SODV
LQWHUDFWLRQ FDXVHV DQ HPLVVLRQ RI LQWHQVH E
EHFRPHV PRUH UREXVW DV PRUH HQHUJ\ LV DEVRUE
VWXG\ FDQ SURYLGH LPSURYHPHQWY LQ FDQFHU WU
VRODU HQHUJ\ KDUYHVWLQJ
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Analysis of Polymer Composition and Dye of Textile Fibers by DAR
Mass Spectrometry and Raman Spectroscopy

Miquellie Bonner', Dr. Ngee Chong', and Dr. Mengliang Zhang'#
Forensic Science Program of Chemistry, Middie T State University
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https://mtsu.edu/urc/ureca/teams.php
https://mtsu.edu/urc/ureca/index.php
mailto:fp2n@mtmail.mtsu.edu

. Undergraduate Research
)\ and Creative Activity

TI?HE&IQEE Office of Research and Sponsored Programs
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=
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STATE UNIVERSITY. Undergraduate Research Center

" 4VDDFTTG/M BMO QFO) PVTF

7KDQN\ RX VR HYHU RQH Z KR SDUFLSDWAG LQ RXU) D@2 SHQ +RXVH : HKDG  H[ FH@H{QW
SUHVHQMWY/ | LIRP D Z LGH YDUHW RI GLVFLSQ@OQHV LOFOXGLQI KHD@K DQG KXP DQ SHU RWP DQFH
SK\MFV HQYLLRQP HQIDOVFIHQFH VRFLRGRJ\ DQG DQMIRSRARI\ ELR®I\ FKHP LM KLWRU
WHFRWGLQI LQGXWM | HLP HQMRQ VFLHOFH ( QU @K GDQFH DQG VIKHDWH GDVID VFLHQFH

SV FKR®RJ\ JHR®J\ DQG DQP DOVFIHQFH : H DOR KDG P DQ Z RQGHU XOYRXQWAHW DQG
DWHQGHHV LQFOXGLQI | DFXQV P HQURY/  3@IDVH FKHEN RXWARP H SLFVKUHV | LRP VIKH HYHQW
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&KHFN RXW WKH IROORZLQJ RSSRUWXQLWLHYV

' 2 ( 6FKROU/3LRIWDP ' HSDU/R HOWRI (( QHLD\

e 7KH' 2( BFKROW/3WRIWDP LV GHIQHG VR DMDPWEBIQMG XQGHLI LDGXDW DQG J LDGXDWM WXGHQW DQG
UHFHQWI LDGXDMV VR LHVHDURK. \WIFKQUIFDADQG SLRIHVMIRQDCRSSRUMQMHV Z IWIQ 8 6 ' HSDUR HOARI
(QHU\ ' 2( DQGRUDQ] DARQVWDWXSSRUMKH' 2 ( P MRQ  ( QHU\ 6RXUFHVDQG 6HRXUW  &BDQ
(QHU\ (QHU\ (IIIAHQR &P DM&KDQIH ( QYILRQP HOWAD DQDIHP HQW 1 XFBDUGHRXUW  $UAILFDO

QM@H¥H (P HUHQR 5HVSRQWH 0 DQDIHP HQADQG 2 SHIDMRQY &\ EHUBHRXUW  6DIHIXDUEV DQG
6HEXUW $V D SDUAASDQWQWH' 2 ( 6FKROW/3LRIWDP \ RX Z LOKDYH WH RSSRUMQW VR H SRUH D

[HGADOMHHUZ W' 2 ( DQG JDIQ D FARP SHWAYH HGIH DV\ RX DSSO \ RXUHGXFDMRQ VXBIQWDOQG WA@Y 1Q D
YDUHW Rl VAMQIVZ IWIQWH" 2 ( FRP S®{

&DQFHUS HWHDUFK 6XP P HU-QUAUDWKILS 3LRILDP 8 QLYHUAW RI 0 LIFKLIDQ 8 QLYHUMW RI 0 LFKLIDQ

e $VSDUAR IW&DQFHUYR®I\ 7WDIQIQI 3LRIDP  WH 8 QLYHUAW RI 0 LEKLI DQ 5 RJIHODQFHUEHQMUSLRYIGHV
H SRVXUH VR FDQRHUUHVHDURK | RUKLIK® P RWYDWG DQG VBBIQMG FRU H XQGHU LDGXDMV 7KLY SIRIWDP JLYHV WH
VXFRHWI XCDSSTFDOW DQ RSSRUMQIW VR H| SGRUH SRWMQWDCFDUHHY LQ WH | IHG Rl FDQRHUUHVHDUK. -QWMUVKISY DUH
DIP HG DWAMGHQW Z KR DUH FRP SGMQJ WHUVRSKRP RUH RUMQIRUXQGHLI LDGXDW \ HDUWIY VSUQD $ SSTFDMRQV
DUH HOFRXUDJHG [LRP LQGLYIGXDY [LRP P LORUW J URXSV WDWDUH FXULHQWD XQGHULHSUHVHQMG LQ EIRP HGIFDADQG
EHKDYIRUIDOUHVHDURK. 7KH SLRILWDP Z L@UXQ IRUD WIQ Z HHN SHURG IQ VXP P HU 0D $XIXW 6WGHOW
VHOFWG DUH P DWKHG Z IW DQ DSSURSUDWAS 0 | DFXOV -QWAUQV DUH SDIG D VWSHQG R DQG DUH IHVSRQUE®
I RUMHURZ Q KRXVIQJ DQG WDYHCDULDQIHP HOW -QWUQV Z RIN GLLHAWD 1Q D FDQFHUGERWDRY VHMQJ 3URJLDP
P HQRW/ JLYH SUHVHQEMRQV RQ WHUZ RN LQ FDQAHUHYHY RWHUZ HHN DADQ LQIRUP. DOXQRKHRQ WDWOWALQV DUH
LHTXILHG VR DWMAQG $VIKH HQG RI WH LOMLOVKLS SLRIWDP  HDFK LOWALR Z L@EH DVNHG VR JLYH D VKRUASUHVHQUMRQ
RQWHUZ RWN

&HO@D DOXIDAXUQ] 7HFKORMRIIHVS5 (8 3WRILWDP &0 D7

e 7KH 5(8 SWRIWDP Z LOEH RI1HHG LQ SHU/RQ DAHDAK IQWIMMRQ Z WK D VHUHVRI SLRIHVWMRQDO
GHYHBRSP HQWVHP LODWY/ DQG Z RUNVKRSV KHT YLD GXUQJ WH VXP P HUMR FRQQHPWKH FRKRUN
DRLRW &0 D7 FDP SXVHV DQG | RAMUFR@ERWDARQY 7KH KHDOM DQG VDIHW Rl SDUAASDQW DQG
UHVHDURKHWY LV SDUDP RXQWIR &0 D7 DQG Z HZ I@EH SURYIGIQ) DQ HGXFDMRQDOKDQGY RQ VAHQWLE
H SHUHQPH WDWZ L@SXVK SDUARSDQW SDWIKHUFXUHQARQRZ ®IGIH EDVH DQG ERXQGDUHV 5( 8
DSSTMRQV Z L@EH HYDXDWMG | RUSOFHP HQADADQ, RI RXUIRXU &0 D7 FDP SXVHV Z KHUH WXGHQW
Z I@EH SDILHG Z IW D JUDGXDM WXGHQADQG D | DFXAOV P HQRUVR Z RUIN RQ D UHVHDURK. SURMPALHDWG \R
FH@P DQXI DRXUQ]

&MXGIOH. YRZ Q-QUAUWKIS 1O (GXFDVIRQ 6P IVIKVRQLDQ

o 7KHIOMUMKISY DIH LOMQGHG VR LOFUHDVH SDUARSDARQ Rl XQGHUWHUYHG WXGHQW Z KR DUH XQGHU
UHSUHVHOWMG LQ WH HGXFDWRQ DQG P XVHXP  BDGHUKLS 1 1HG -QMUQV H SHUHQAH RSSRUMQMEHV 1Q WH
FHQWDCHGXFDARQ R! | LFH DQG FRAMERWDW Z WK RITLEHV P XVHXP V' DQG UHVHDURK FHOWLY WILRXJ KRXVWKH
6P IWVRQIDQ-QMMARQ Z KHHWH KHS VR FUDM GHYHBRS DQG GMAHP LODW LQQRYDWYH HGXFDWRQDO
SWRIDP V DQG UHVRXUFHV DWIMH 6P IMOVRQIDQ RQIDH LQWH FOMARRP DQG LQ FRP P XQMHV ( DK \ HDU
WH 2 [1IFHRI WH 8 QGHUGHRAVY | RU( GXFDARQ 2 8 6(  LGHQWIHV QHZ SURMIFW | RUWH &MXGIQH .
%.RZ Q-QMUWKLS DZ DUGHHV Q WHE&DOXGIQH. %RZ Q LOMLOQV Z LAKDYH DQ RSSRUMQIW \R BDLY

WURXIK HQIDIHP HQWZ IWK P HQURDY DWKH 2 8 6( FHQWDCHGXFDMRQRI I IFH -Q6XP P HU LOMUVKISV
Z LOEH RITHHG UHP RWO IRU Z HHW
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&KHFN RXW WKH IROORZLQJ RSSRUWXQLWLHYV

'DWD 6FLHQFH IRU $JULFEXQWXUH 'LIJLWDO $J 5((8 3XUGXH 8QLY

3XUGXH 8QLYHUVLW\ ZLOO DJDLQ RIIHU D ZHHN H[SHULHQFH
DJULFXOWXUH 7KLV 86'$%$ 1-)$ IXQGHG SURJUDP JHWV UDYH UH?
KDYH FRPH IURP DOO DURXQG WKH 86 DQG IURP D ZLGH YDULH\
EOHQG RI DGYDQFHG VSUHDGVKHHWY JHRJUDSKLF LQIRUPDWL
DSSOLFDWLRQV LQ DQ DVVRUWPHQW RI DJULFXOWXUDO SURGX
7TKHUH LV D VWLSHQG IRU SDUWLFLSDWLRQ )DFXOW\ LQVW
%LRORJLFDO (QJLQHHULQJ 6WDWLVWLFV DQG (OHFWULFDO DC
DSSO\ LV ODUFK

—QMXU\ SUHYHOQWLRQ &HQWHU 6XPPHU - QWHUQVKLSY 8QLYHUVL

7KH 8 QYHUAW RI 0 LFKLIDQ-QMU 3 UHYHQURQ &HQWULY SBDVHG VR DQQRXQFH  SDIG LOMUDWKLS
SRVMRQV | RUJ UDGXDW DQG XSSHU BIYHOXQGHLI LDGXDWM WMGHQW | RUMH VXP P HUR 7KH

LOMUVKLSY DUH GHVLI QHG | RUVMGHQW LOMUHVIMG LQ LOMU SUHYHQWRQ UHVHDURK RUSLDPWEH H SHUHQRHV
7KH RITHUIP SRUBQURSSRUMQMEAV VR JDIQ P HQURUHG UHVHDURK DQG SUDPWFH EDVHG H SHUHQFH QD

& & IXQGHG P XGMGMASTDDY LOWU SUHYHQARQ FHQOMU -QMUDV FRX@ Z RINZ I DP HQWRUILRP \WH

8 QLYHUAW RI 0 IFKLIDQ WHO LEKLIDQ" HSDUR HOARI + HDOK  + XP DQ 6HWIEHV RURWHURW DQL DARQV
RQRQIRIQI IOMU SUHYHOWRQ UHVHDURK RUSWDPWFH SLRVPW 7KLY RSSRUMXQIW FDQ | XOLOMHS 0 0 3+
SWDPUEXP  LOMUQVKLS LHTXLIUHP HQW ( DFK VHBIRMG DSSTFDQWZ LQEH SLRYIGHG D WSHQGRI SHU
P ROW IRUMUHH P ROV ' HSHQGIQI RQ FXUHQWZ RUINQJ HQYLLRQP HOWDQG SUHFHSVRUQHHGY
IOMUQWKISVP D\ EH1Q SHIRQ RUK\ EUG

—QWHO 5HVHDUFK ([SHULHQFHY IRU 8QGHUJUDGXDWH 6WXGHQWYV

7KH 8QLYHUVLW\ RI 1IRUWK &DUROLQD DW &KDSHO +LOO LQ FR
UHVHDUFK H[SHULHQFH IRU XQGHUJUDGXDWHV 5(8 SURJUDP L
DFFHSWHG LQWR WKH SURJUDP ZLOO FRPH WR 81& IRU WKH VX|
DUHDV RI KDUGZDUH DQG V\VWHP VHFXULW\ XQGHU WKH JXLGD
UHVHDUFKHUV :H LQYLWH ULVLQJ MXQLRUV ZLWK DQ LQWHUHYV
H[SHULHQFH LV UHTXLUHG 6WXGHQWYV IURP DOO PDMRUV DUH

VWXGHQWY ZKR DUH PDMRULQJ LQ RU RWKHUZLVH KDYH D EDF!
FRPSXWHU HQJLQHHULQJ RU HOHFWULFDO HQJLQHHULQJ 7KH

DSSOLFDWLRQV IURP H[FHOOHQW VWXGHQWY ZKR VKDUH RXU J
LQFOXVLYH OHDUQLQJ HQYLURQPHQW :H HVSHFLDOO\ HQFRXU|I
RU HWKQLF LGHQWLWLHYV KDYH KLVWRULFDOO\ EHHQ XQGHUUH
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#.#H H(U,# #

'LVWLQFWLRQ LQ 8QGHUJUDGXDWHBFFRHRVMHDW FKVWLQFWLRQ LQ 8QGH
6WXGHQWYV PXVW IXOILOO DOO UHAGW XIGHRHMDWNF XVW I XOILOO DOO

“GXFFHVVIXO FRPSOHWLRQ RI D YXENMADRQWOHRRASOOHWLRQ RI D 6
85(&% SURMHFW KRXUV RI U EPDeRMHRW PRUHKRXUY RI UHVHDU

BRVWHU SUHVHQWDWLRQ RU F VR H S URWRRRF BWAR Q RU FUH
RQH RI WKH 85& V VLIQDWA LB Y RQWVR| WKH 85& V VLJQDG 2H H
+RXVH B6FKRODUV :HHN RU 6XPPHUSNYHRERKODUY ‘HHN RU 6XPH

&HOHEUDWLRQ &HOHEUDWLRQ

@3- WLYH SDUWLFLSDWLRQ IRU Dé%&'\BWHRst*uW&%BWLRQ IRU DV

\HDU LQ WKH 6WXGHQW 2UJDQL IR U WE
$GYDQFHPHQW RI 5HVHDUFK 62%$5 Q"WiH ‘s WXEHow 2uIDQLIDWLR
RI 5SHVHDUFK 62$5

(D &RQILUPDWLRQ RI VXSSRUW IURP 85(&$ IDFXOW\
PHOWRU 3RVWHU RU SUHVHQWDWLRQ DW

RQ 8QGHUJUDGXDWH 5HVHDUFK
SHHU UHYLHZHG DFDGHPLF MRXI

&RQILUPDWLRQ RI VXSSRUW IUR
PHQWRU
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