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Abstract

An efficient magneto-adsorbent composed of polyaniline blend poly(amidoamine)
dendrimers modified graphene oxide quantum dots and magnetic Fe;O4 particles
(Fes04@PANI-PSS/PAMAM-QGO) for magnetic solid-phase extraction (MSPE) of polycyclic
aromatic hydrocarbons (PAHs) in environmental water was synthesized. Fe;O,@PANI-
PSS/PAMAM-QGO exhibited exceptional adsorption property for most PAHs analytes. The
nanocomposite sorbent demonstrated a ferromagnetic behavior of 17.457 emu g*, which is
adequate for subsequent use in MSPE. Key parameters affecting the processes of adsorption
and desorption, including the sorbent amount, vortex adsorption time, vortex extraction time,
sample volume, a solvent for desorption and the solvent volume were all examined and
optimized. The performance of MSPE using Fe;04@PANI-PSS/PAMAM-QGO as adsorbent for
four PAHs, including fluoranthene, acenaphthene, phenanthrene and pyrene were studied
through high performance liquid chromatography equipped with spectrofluorometer. Under
the optimal conditions, Fe;O4@PANI-PSS/PAMAM-QGO showed a wide linearity of 10 — 1,000
ng mL?, low detection limit (LOD) ranging from 1.92 — 4.25 ng mL ' and high accuracy
(recoveries of 93.6 — 96.5%). Enrichment factors up to 185 were achieved. Furthermore,
Fe;04,@PANI-PSS/PAMAM-QGO exhibited good recyclability (10 times reuse, RSDs < 5.35 %),
while maintaining its high efficiency in the extraction of PAHs. The proposed method was
successfully applied for environmental samples. Recoveries ranging from 81.2 - 106.2% were

obtained, indicating a low matrix effect and the robustness of the optimized MSPE method.


Mobile User


Based on these features and under the optimal extraction conditions, Fe;O4@PANI-
PSS/PAMAM-QGO was demonstrated to be a successful tool for the rapid and sensitive

extraction of PAHs in the samples.

Keywords: Polycyclic aromatic hydrocarbons, Graphene oxide quantum dots, Polyaniline,

Poly(amidoamine) dendrimers, Magnetic solid phase extraction
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1.1 Auuazaauddny

Indlwadnezlsundnlalasaisueu (Polycyclic aromatic hydrocarbons ; PAHs) §aagluans
uafiudunidanns (Persistent Oreanic Pollutants) dausznaulumeiseslsinfndaus 2 29 uly
PAHs LHuansUsznoviiliveuih Insuvasfiiandnuesarsussnay PAHs iinarnn1zmlnditls)
auysal 1y nswnlwsidomassneud msvitens sulludsnsdnlilvgion Wudu asdsznou
PAHs ansnsomuldluAsundousia 1h fu uazeinia Ineuyuslésy a1sUsznau PAHs 19vnanss
wagn1adeu wu n15gulaa uslaa mela wasnisduialaensa a1susenou PAHs danudufivgs
aunsaneliAnlsanzids suilufainisasuniamieiugnsss il a1suseney PAHs uiifaa
vaeialan §amitesudunsesdsuandeuuesandgolusni (United States Environmental
Protection Agency) asgninderusunsedanivualvaisusenou PAHs THiluansiuiiaasli

o w v v Y

ANUEIAYDUAUAUS [1]

Fremni mMtiasigaiszney PAHs ivuteuludwandeniadimusnduegienn Ty
JaytunisTiasigransuseneu PAHs deuldimaiialasininniive wvaiuszaninings (High
Performance Liquid Chromatography) 288 UsUUA52970 19U uugaaiunlasdines (Mass
spectrometry) [2] LLmaaLUﬂImﬁLm%LLUU@WJU (Tandem mass spectrometry) [3] lalono15158
(Diode array) [4] 4ag3vUUATIITANISHT0ae (Fluorescence spectrophotornetry) [5] Tneviald
msUuitouvesansussneu PAHs Tudawanden axilssiumstuidieudisn ililiananseinseild
AEITUUNNTINTBURIDENUULUUN ALY NSANAREF1YIIaraneveual Asanaselaraalls
FaduitofunisiiaUssans amnsatn nsasadaomavesudssaufutivgn (Magnetic Solid
Phase Extraction ; MSPE) lé§uarufieudustnaunn ilesnaiunsoadnaisdasgisldagned
UsednSnin 590157 Lazd1e 9In51891UNNTIT88e Han wazany [6] tavinisAnwuseansnin
nsafnanssenay PAHs 9negaiilagldoyniauimdnulusiwiunsflueenlsd 99nns

o 1

naaeinsAnyIanEvinvauvesiangadu Wy UTunudigeadu nailunisgadu atlunis

2V

Aedu siinansavaneiilidmivaedy Wuiu oumeauimdnuludainuiilvanisiundueg
Tutheiisensuls (76.8 - 103.2 %) InefiTad1inn1snsaaialugag 0.09-0.19 ng mL” nquAdewes
Tong wazame [7] lHUsuUseiuialdeunausimdnululagldnodesdlaedu dwiunisnady
a1sUsEnay PAHs luuvasin IneYanfiduasigidu ffufifiavintu 42,914 m’g? 91nnsfiny

Usgavsnmnisgadunuinlid@adninlun1snsiain egsening 0.11-0.9 ng L wnnlundndudsdl
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ﬁ’mmﬁmm’mmmu (Enrichment factors) $¥%1719 151.1-190.2 wag Manousi WazAny [8] ta

Waiwederlaunsniuesnlyd (Fe;0,@G0-PANN Tunsuszgndldilunisainaisinavouds

'
o o [ (% v a

FAIUAULULNEN @1NTUNTIATA PAHs haz N-PAHs Tuuna i 498790 adunwmund uu1ilv

Y
¥

UsgdniamuazaAinishunduiigawazivuingnguviniu 3.5 wiluuns Nunididuwzmidu 20.93

v a a

m%! wenanlFallnuiTeduinansenuieliunsussendld MSPE sauiu nsrflusenled

nsflueenlungiunedovilaediumulaue wag nluesnlydgiunedosiau wadeluisieau

Y

a o = 9] a s o a aa a a o a a A
LAYINUNIIANYN ﬂ']'iisﬁﬂiﬂwu@@ﬂvL"?jG]ﬂ?awﬂllﬂEJ‘I/]‘W@ﬁQSUﬁUNﬂMW@ﬁ(ﬁIWiU%ﬁIWUﬂ) nodezilae
= o Y v v < 1 [ 1 <@ [ % 1
Ju dmsu nsananluaveldesInnusdan lun1snsiradnansusenau PAHs Tufo819

AINA0Y

[
a o

luanudded duaseiianaeadudmiunisesouiieg19vesasusenau PAHs sa835 MSPE

NnUuieg N ainlavzgnilunsiadiasizimanududumiginaialasinlvnslve wmnad

[ o A

UseanSamgefisionusruunsiainnisiiosuas Tangduidaaseitulauu gniiuinsivaey

lendnwaldieiad osflevdasiaeg 1y 1a3esgi-ada awnlasliladines, Wisesnsudiesy
Surssnainlnslnlpdlimes, Andden, ndosganssaididnnseunuudeInsn, NasIganssal
BudnasouLUUdewNY, 1T RN e RNy, wSesannsinessadisnduuunsrane
W& wagiaTesinAmnudimesaLivanUUAY Wudu uaznTaaeuUsEAnSnImYesiiga
Fuusimanuilureulndn lnaidenaisusenau PAHs 4 vila Ao Fluoranthene, Acenaphthene,
Phenanthrene uag Pyrene tufunuvatasysenau PAHs ietinfAnwimanngiuuyanes

v Y] o

Tangeadulunisainaisuszneu PAHs wenaind dilaihdangaduninunauludszendldlunisania

¥ [
o J 1 1 o a

WaEILATITINIUTUIUEITUTENOU PAHS TUlBaIUI199 19U WAASUNSTINYIR UraauIvudas Wide

gnaMnTIN YdyNAITeU

1.2 TnUsTaAvasulTY

U

1. Weaiiangaduansuaiudunidnns mnnlndleadneslsunfnlalsasuey
(4

9

a [ =

2. iedunszy Ins1est wasdnwanudululdlunslélangaduusimanulunoulndnds
nsuUsuUsiuiRadenederidy, wodorilaoduaulaiwe wagnsitusenledniousuaen Tuns
Anduansusenauafivduvsdans winlndleainevlsundnlalsaisueu

3. WlemUsEansam wazUszifiurnuannsalumsgaduansuszney PAHs 91nog1aumas

7 WY unaniesTuyd wiaavuds idveeamvingsy ddeainasiseu
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1.3 YaULUATDIIUIVY

1. Anwisnsduaszrinsiiueenlenmisusunen

2. Anwignisdumsizinedesdaunlu75naduelsiadussninaignin (Interfacial
Polymerization)

3. AnwISmsadiaggedunuunisadamemaveandssiuduniugn lnensld wedesday,
nwodezillaedunulawe Laznsiiueenlennioununen

4. Yssidludszdnsamiangaduunluneulndn lun1saadutaivdunid Meandiegandiaes

1%
o w 1

FuluriesUfiinig uazunasnidoig

5. Anwanmeiimunzaudviunszsuaunisee Elution) tafedunsdanssmnindlerdnes
lsundntalsasuau ﬁﬁmsﬂ%’uﬂsﬁaﬁuﬁﬂaﬁw nedovdau nederilaadumulawe warnsiiuy
panlYAAIBURNADN

6. UsEliUAN®IILATIEMAITNYIY VDIUAN®BUNTEN1IT IwInlnaleadnezlsundnlals
AITUBU T,msflszf?m'%"aﬂﬁammgwuimmiwﬂﬁﬁGUENmmammuzqa (High performance liquid

chromatography, HPLC)

1.4 Uszlewifianndnaslésu

1. l#Fangadulunisgaduuaiudunignnns smanlndleadneslsuiinlelnsasuoud
Usgandnu

2. IFSmsdaasigdt sUwuunstugU wedesdau nederdlaeiuaulawe uaznfiuoonlys
ABUANADN VW iangnduwuuNsafarismave udesaNiuLlman

3. aamgfimngaudmiumssy (Elution) MelaTeiidennnn uazTuniinzst luns
Taziuanyunsdnns nnindleadneslsundnlalsasvou lngnatalasanlnnsiivesvan
aNsInuzes (High performance liquid chromatography, HPLC)

4. gnnsariangadusuunisaiameuavasdssuiuuivan lunsgadunaiivdunidans

Fmnndloadnazlsunfntalsasvau lUdssaaluldswimivele
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N B HAZUILNNYITDS

2.1 a1susznaulwalemdnezlsunnlalasansuau (Polycyclic Aromatic Hydrocarbons, PAHSs)

asUsznou PAHs [9] Wuansusznevlslasmiueuiiusznauiedauudu flassadiamaadli
ansouddldidu 2 Ussian Ao nquihvidnluanas (Low Molecular Weight) Inelassadnay
Usgnoudeasezlsnnfndaus 2-4 29 wazngudiuiminluianags (High Molecular Weight) @9
Tassadrsazsznaudaenseslsinfindaus 5 299uly ansuszneu PAHs daiuansusznauliida &
Arwannsolumsazansiitarauanasaluntansyaediluisi Sehlddleansusenou PAHS
UgtuegluiazannsoeglusUsynaiignanduuazinizeguunegnoufiu Snvisiisnanisdesaans
Tneqaun3Isisandae uonniauannsonisazatetivesansusyney PAHs axanawnut v
Tuanavesansusenay PAHs fifisanndu a1susenau PAHs Snduasusznousafivdunidns
AoansUsznevdunsafiannsansedludanndeuldlusnunmisnisesaanslden shdsanseny
sedalTinluszagen uazfimsnszaeiiluvisldenmsld lnsgaautfnisnnonimuagiaiuanads

AN 2.1

A1519% 2.1 AnENURNIINEATNUBY PAHS

waluana Rl aen | AwGule §
d15Usenau U | vasuwan | Tunsazane
g/mol (°0) (kPa)
(°Q) (mg/L)

Naphthalene 128.18 80.2 218 1.1x10% 3.93
Acenaphthylene 152.2 92-93 265-280 3.9x107 3.93
Acenaphthene 154.2 90-96 278-279 2.1x107 1.93
Fluorene 166.23 116-118 293-295 8.7x107 1.68-1.98
Phenanthrene 178.24 96-101 339-340 2.3x107 1.2
Anthracene 178.24 216-219 340 3.6x10° 0.076
Fluoranthene 202.26 107-111 375-393 6.5x10°" 0.2-2.6
Pyrene 202.26 150-156 360-404 3.1x10°¢ 0.077
Benzo(a)anthracene 228.3 157-167 435 1.5x10°8 0.01
Chrysene 228.3 252-256 442-448 5.7x10% 0.0028
Benzo(b)fluoranthene 252.32 167-168 | 481 6.7x10°® 0.0012
Benzo(k)fluoranthene 252.32 198-217 480-481 2.1x10°8 0.00076



Mobile User


n “ o AIMUEANNITD
waaluana gahen | Awusule
d13Usznau GREUY/ ) Tunsazane
g/mol (°O) (kPa)

(°0) (mg/L)
Benzo(a)pyrene 252.32 177-179 | 493-496 | 7.3x10™° 0.0023
Dibenzo(a,h)anthracene 278.35 266-270 524 1.3x10! 0.0005
Benzo(g,h,perylene 276.34 275278 | 525 13x10" | 0.00026
Indeno(1,2,3- cd)pyrene 276.34 162-163 530 1.0x10™ 0.062

2.1.1 unasnanvasansusznau ndleadnazlsundnlalasasuau
Tnenaluudransusenau PAHs Lirannsiabmsiiliauysalvesansusenauniiaisuau
wazlalasinuluesdusznounan wu auiu dndudv A 1l wasarsysenaudunid (dudu lag
Aanssunisunlndgnuusennidu 2 uneae fe
1) M vdiniialagsssuyf (Natural source) 8191 nasiialndl Quunlnssidn lag
a15Usznau PAHs Miinduargnazauaglueinia uavgniinurzasdunait Jeenadawasdananmn
wsioly
2) naslndl iinanAanssuuued (Anthropogenic source) L N3NNI v04
Wwamdslulssnugeamngsy n13nautiuay Afuannvialedesosus nswIves MR Ies
< £ A a a & v [ & !
wnwnsns Wusuansusznau PAHs linanAanssuuysddiainsnduundu 2 ndunaunssuiunis
a Y = a 4 dy a a b S a 96’ C% dyu IS goJ
nsiialadn fie 1) iaannsik ludveseindaneata loun dauiiu Wiy wenainiddsliuizan

WNERINTTL U1uaau sauluien19181mns 9mantle g19 Gearsuszneu PAHs daulugivign

Y

a

Uanuaegoaninnfanssumantl i UIUNUIILIUNEY 4-6 24 Tdwinluianags uaz 2) iin
nUlnsidey Ao a1susenau PAHs fidegluidullnsdeniaznindaeiannnisnaulrdudu
LaNAYeANINAUHTININIUMIURYT 2-3 3¢ dalngiunainnisiiivareniidiu auludainemin

15991U9MaMNTIY [10]

2.1.2 mMsuuideuansusznau nalaadnazlsuidntalasasusuludwindsy

a15UsEneu PAHs anansaunsnszaeiingdunaeulavateniauansdssun 2.1 1ieen
a15U5nau PAHs 1ARTULMBINUSITUTIRLATUNIINAINTIUAN VRIS @15U5ENaY PAHS 131
NTIIUVH oA N5TUVBIUTUAUINWasTUAUlAAY YIlrmnan1sUwdeuvasansusenau
a15U5¢N9U PAHs Tuwnasunhazfiunynou @1udun19999a15usenau PAHs f11121nAanIsUU8d

¢ a ' A a vay ¢ a a ¢ v al ¢

UyYwd 11NAINTIUAARAN TR i lauy salveansBunid n1swlvdvesaTagus w3e
Wowddulssnugnamnssy Wudu vinliiAnansusenau PAHs Ju uasgnuasegussennis 8nva

aaa [

a15Us¥nau PAHs Ssanunsavufisenduansusenauaus Megluussennia 1y aun1AwYIuaey
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wuaanndt 5 lulaswns lodn du Wusdu dewaliiansuseneu PAHs anasgiufu uasunasn

gulna U3lna ansusznau PAHs daulvgasiinnnuaiiosgs anunsansegludwindemdunaivany

9

a

auludourunindu uazdlonadsnanelassadiswesdeddin msvudou arsusznou PArs Tu
Aswandondiddl

1. synaluusse1na (Airborne Particulate Matter) ifeansuszneu PAHs gniudeed
UsseMezAnnsunsnszae lngdnilvgjansuszneu PAHs flegluussennia szifnnisdaniziu
OUNALYIUABEA1Y WiaaaNsYUFATE T UMsUsENeUd U Tlegluusseinia lenyudlasy
ansUsznau PAHs namsviela Aiflenaldesienisazan uaziinlsadeluaunannuen

2. Au (Soil) @15Usgnau PAHs mmaaﬁmﬁauagﬂuﬁuﬁumstm&; U nsUdeusn
AMIIUTIBINAINNNTNIT Laiasiy saluazyinlfansuszney PAHs anasgiu 1dudu iesann
a15Usznau PAHs desdatldenn wldinsavauvosarsuseneu PAHs antuios 4 3adawa

NILNUADAMNINVBIAU

[
]

3. 11 (Water) @15Usenau PAHs fiwnsnszdwegnailulueimaaiunsofiasanasgdiiugu

[ (%
=1 o o

wagiiut viliAsnsuuidew suluasmsudesinidenilansusenau PAHs Yuilauagasgunani
4. Aunznau (Sediment) nAMENTRY0IE1TUsTNOU PAHS dauluglaiazaeu &

danaliinnsayauvae PAHs Tufungnau

1. ) [ ----- + Emission — Transfer @ Reaction —:— Advection
PAHSs emission to Air
Diffusion
Inflow o “ Outflow
® —_— Diffusion QOO — " Deposition

Cf('ﬁ Deposition |
v Deposition
\ Diffusion

y

i

._b
Rain wash

Sedimentation

Resuspension

Uil 2.1 msunsnszaelndlendnezlsundnlalnsasueu [11]

2.1.3 anuduinyvaeasusznau Indleadnazlsunfnlalasansusu
Taeviald a15usznau PAHs tlWuatsiadddaudunwdsundusi 1agn1sunsnssaisved
a13Usznau PAHs Tudninaassnuindelasulaunisgaauuasiudiliagdmans Yan du lawag

& !

MIUAUDINIT a15UTENaU PAHs LuansUsenaueddunsdnnalminlsauszise seduaisusznau
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PAHs gnsameglusisdeansneusislneannimglsy (European Union, EU) uag niissudunses
ﬁﬂmﬂéjammqa%ﬁam%m (United States Environmental Protection Agency, USEPA) lesann
PAHs fanautflunisdenareiusuasduamsnous$ald ae USEPA Tdfmunansusenou PAHS 11
16 ¥iiaifuasiouafiviousadesnniiamudufivguazneusdld [12] Tngasdniseunsielan
(World Health Organization) l¢imunaigsgafianunsafiogues a1susznau PAHs lutildde 0.2

lulasnSusmadns [13]

2.2 agmmMmﬁnm‘[u (Magnetic Nanoparticles, MNPs)
sunawdimanuluulunilng (Magnetite, Fes04 nanoparticles) 1unilalutanuilud
Tdiuegunsnanglunisgadu lasaunipvesmanuilulididuiivsedawindon AuautRves FesO,

A A Qs

AoflnauaudRuinaniuumeslsuuniuiin aansofineanieauitwivanaeuenld sunAwiwEnn

q

aaa ¥

ludegnuszgndldludiu Fanasunnd Faandeu AseUisen wagauianans lag3snis

9

¥
v a

2 € A
AUAINCRUAIUAD

=

1. P1SANAZNBUT AU (Co-precipitation) Av3dnisuunlesaunisluianai ag lulnavos

9 Y

'
v a

ansazane TmAnnisnszanelumanesuds visseninznau desulsnaduNinasanisiinnznau

o
(%

Aomnudutuvesasnsiulun1siuiasen ey wazensauosasaswulunsiiaufizen 1u
au auntawuanuilusunilng (Magnetite, Fes04 nanoparticles) @1u1sadas1zvlagns
ANAENaUTILVDIANTaga8lansNaLTEnINg @1sateessnleasu (Fe) wasarsavaoinossa

Topou (Fe2) luanmeziva seaunsiaiif 1.5
Fe?" (aq) + 2Fe* (ag) + 80H (aq) — Fes04 (s) +4H,0 (aq) (1.5)

ALV8 Muneer uagany [14] lafnwiUTeuifisunudnyaen1edugIuIneIve0una
wdiwanuilulnensduATIERneIsMIANAYneusIN (Co-precipitation) lna@nwin1sanaznausau
299 FeSO, Tutn (A) uay FeCly azagluansazatatoniuea (B) lagldasasaundonsidiulua Tu
NsUfRseNd 1:2 Weasawuazangegeauysaliadiasazaty A unadluaisazate B o819
419 wazluniuiigaumgidl 35 esrngadod waztiaisazateu1usu pH windu 11 wazidilddnis
nznau lnedsn1susnayldasazauiuasou NHOH (98197 1) Tun1susu pH wagisn1iidedas
Idansavaneiuaun NaOH (fregneit 2) Tun1susu pH wavihansuaulutuniudenaumgi 60 aam

= & Y Y S o v & o a v Y v ) = 1Y)
wagea Wwnan 2 93lue ndnuuihunaliidungamgiiveswasaenisiindu Weusu pH
o o 2 oA a X = a =~ o I3 = v
Wiy 7 wazihauniavesdeiindulyeunaamgil 75 asrnwaldva tiluneaeuanudundneiy

walla XRD WU11 M19a09A708 19banInaN1asInIg 150105514 S8UU ICDD: 98-015-8743 wWudiayl
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AN 2 1@ WIndU 30.21°, 35.72°, 43.34°, 53.35°, 57.37° LAy 63.07° WUIHHANT A5 U Face-
Centered Cubic (FCC) § sa11utdundnves Fe;0.-NHOH At unaniasnin Fe,04-NaOH

WHa9n ANANLLINYBEUNASUTIANNNID LLaméf\igUﬁ 2.2

1400

~—— Fe;0,-NH,OH
1200 34Ny

— Fe;0,-NaOH
1000

800

600

Intensity(a.u.)

400

200

0
10 20 30 40 50 60 70 80
20

UM 2.2 XRD pattern vesoymauilmanuilu Fe;0, fiinsannzneuluanzuanuansaiu [14]

Mndufinmdnuugnameanvdugiuinedemada TEM wuih sysmeusdindnuiluain
nsanaznousan meldnisldasayansiuagen NHOH uansnudnvudusumsanay Tuvaed
oynAusimanualuiinsieSsuannaisazatsiuann NaOH wansadnyusdugiunsignuiad aan
n1sfnwInag TEM wusieyniawimanuluainnisannznausiy neldnisldaisazatsivageu
NH.OH ha @15agalgiuann NaOH duasojusiaueteyninwiiianuily snlundniussld
MIIADUVUIAVBIDUNIANUT Fes04-NH,OH Fau1aivinfu 102 unluins wag FesOp-NaOH i
YAy 32 + 2 wiluansuanafasuil 2.3 deduannsnasuldilunsdansgiounauimvin
Wl Fe;0,4 MEIBNIIANAZNoUIIMETAMUANIUTIMAz A Aeldnsldan1iziuageunasun

Tun1snaans


Mobile User


L2 Lo KV =100 Mag = 120000 X @O @ 15 KV = 100 Mag = 126000 X  omn

gﬂ‘ﬁ 2.3 TEM 993 FesO4 NPs §91A515 R 1neluai unne19iu Fes0,-NH4OH (a1) and Fe;0,-NaOH
(b1) [14]

2. N13ERA1BAAI8AIIU5DY (Thermal decomposition) LTWITN15dwATIZROUNIAKIILIAAN

yluneldnistiainuseulunisaatesa (300-500 oA tgatded) 35n15HlTa1sdadulangnan

a

dun3d lumsvufaserduansasatensa aelanisaiuauunalagnsidasanusfiamy neves

PnMinUgisemdnduanalaazgniruilianudeungungiguienasililansdunidaunse

= QU

windalalinnnsiniseseunialnl lnssunieidunsisiliavinuandinisnseangfigiuasivunni

q

AN @nunsoudnsfegenagui 2.4

Nucleation { ..« Growth
SvY, . 2850C (> 300 °C)
¥ bl 3
y X
o Fe(lll) gluconate s
Fg Oleic acid

Q Fe:0: nanoparticles

JUN 2.4 nsrvaunsdaasigieunamanuluiigIsnsaaledarienuseu [15]

William wazany [16] loduasizieunawdimdnuilusieiSnisaaedamieninuiou lng
lanz8unidwmdnledion Iron oleate (CsHogFeOy) gndaLATIZHINNTTN1SYIULAT 8155 MI9
asavarslooounaslsa warnsalewadn neldnisldarsazanelnseenloaniuduaisanusediein

lnenszUIUNISEIUATIERUN Iron chloride Hexahydrate U niin 10.8 nSu wauivu Sodium oleate
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11190 36.5 N5u hazvesndanauuiazansluaisaratgnanuod NIUDaLENUUIUIIANN
lopou Tudns1diu 80:140: 60 Fadans USuns 240 daddns inn1stuniuigumgivies 30 wndl

[V VN 7

wazliausoun 70 asrwawda Wual 4 2119 3Ny

Y

a v 2 o a v P
Asnallvidungumngivios nsoduazand

Y

Y a v (3

nznaufetsmanlossy waysemeivharaelaswauayy e aldnansusivasuds ron
oleate (CsgHogFeOy) WaIRINTU HARSeTeLds Iron oleate gniuviufnsennu Oleic acid wag
Trioctylamine 1ieynsdaATIzvioynALIMANUTY FesOy Ingvimsnannandamivesuds ron
oleate, Oleic acid Lazanvazane Trioctylamine 311U 23.45 NSu mimauﬁméngﬂﬁwmﬁumu
aelfannzlulasiouuda Wunan 50 ud weldesiunisiiin Fe,0; nandnfusivaaudsitlign
vl uAalasnisaatefadigaaudou (Thermal decomposition) 913U 2.5 wandnig
Sinneginsdsundaniminvesasiasodenuantiinisanufou (TGA) wefuungumgid
wnzaudmsunsduaszdeyniamanuiluimgiinmsaarsfariennudou 910 TGA n31W fuun

Y

geund7 310, 320 waz 340 asrwaded WWuaamailunisviuisend miunsdunseiounia

wianu1ly
120 iy €A
L5 ] == NI U
80 |\ 62.02%
3 \ (9.806mg)
2 60 \
= \
. \
40 o -
269.45°C " 326.26°C
. \ . 33.68%
\(5.309mg)
366.43°C * .
0 100 200 300 400 500

Temperature (°C)

gﬂﬁ 2.5 N5MLEAINISANEINITEA8AINIAINTBU (TGA) 984 Iron oleate (CsgHgFeOg) [16]

wenanilddnwanududuiiuanaeiuvesasnsiuniinadesuinveseynAwmanuly
wagdinsgrianuaennIenmeemaa TEM Asgunt 2.6 lnednsidiulasluavesansasiuildde

2.1,0.67, 0.5, 0.4 Tua v04 Iron oleate/Oleic acid Wuidssasrdulneluaves Iron oleate/Oleic
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acid Tun1svinsenunniuvuaveseunaudnanuiluénas Weswin awsainujisenldedns

53057 euAlinIsnszeigeldiianissindivessyunawivanulule

Reaction 1 Reaction 2 \ Reaction 7 Raction 4 Reaction 5

0 o 0 0
4 6 8 10 12 14 16 18 5 10 15 20 25 30 3 0 5 10 15 20 25 30 5 10 15 20 25 30 35 4 0 5 10 15 20 25 30 35
Range Range Range Range Range

gﬂ‘ﬁ 2.6 77 TEM 983 Fe,0, Ifnwpsdsdudiuanmnetunesanssasu lron oleate/Oleic acid
2 (Reaction 1), 1 (Reaction 2), 0.67 (Reaction 3), 0.5 (Reaction 4), 0.4 (Reaction 5) 8nsaiulua
[16]

'3 <

3. 33n13909-198 (Sol-gel) Aonszurumsduanzioumamdnulunilassainasiaunly 3
15 neldnisendeuisenrivsenineufisentalaslada (Hydrolysis) wazUAsennisaiuuuy
(Condensation) lng#aa (Sol) Aoansvetuisuiuassnszanedilurenal 1va (Gel) Aovosinad
wuassisududuiu silvdianuvide msvsnglassaiieiiauvily 3 57 voseymamanuily
Lﬁﬂ%ﬂlﬁlﬁﬁ]xﬁﬂﬂiﬂi\‘iﬁdﬂEJ“UENL‘W’ﬁﬁ'ﬂizﬁl’lHsﬂaﬂaﬁ%ﬂﬂﬂmﬁﬂuﬂu (Fes0q nanoparticles network)
nsvaesluinatsiinsyate Dispersion medium) auiswhiiaaietie
Sara wazAny [17) duaszvioyniawanuilu (FesO, nanoparticles) meisn1sgoa-taa tny
nsasvansvewlsuvInasnszaeiluresnal (Sol) lnemsuatasazanemlesinlumsvuasie
fidulnanea Msnsrdn 6:46 meldaniznsiuniueesdeiiies figuvgll 40 esriwaldoa Wy

van 2 Talus luvaziinisduasiziveamauiuassidudnduiuaa (Gel) Ingiarsvauwda

WUINaBeNsEEAIluraunaIdunId (Sol) Iiauieunigamail 80 asriwalfea xiinlaanild

¥
v Al

e deilafnwinavesgamgilunislinnuseusaniuansisiufe 200, 300 uag 400 B4

wadua WneUfAseInNIsduasIed Aeaun1sein 1.6

6Fe(NO3);.9H,0 (aq) + 46C,HO, (ag) — 2Fes04(s) + 96CO, (g) + 192H,0(g) + 9N, (g) (1.6)


Mobile User


12

lunisdauaszioyniamanunlu a93UN 2.7 uansguwuu XRD Pattern v990Yn1AMAENUITLT
daumszvigamginuanasdiunuin sunamanuiluignduasiznt megamgll 200 uaz 300 991

=~ = o Yy | o =~ =
LRI YE LAAITTUNURNANNFDAAADINUAITUINIITIUVDN FesOq eV 400 DIANIALTYEH LAMNIAY

STUNURANTIEDAARDINU y-Fe,05

10000
s © |- — = —
3000 - ~ = = T = T O pe
s &% e S s = 2 =
8000 sample-400 °C
B —
7000
l y-Fe203-PCPDF##391346
—  som P sl | P B A A | A
3
S
2 5000
‘@
§ sample-300°C
E Y . I —
sample-200 °C
1000
L - Fe304-PCPDF#750033
0 w = — o e ———————— v ‘—““‘V-—- N '-1 —‘— n B T ] R B m—
10 15 20 25 30 35 40 a5 50 55 60 65 70 75 80 85 90

20 (deg)
3U# 2.7 XRD pattern v8saun1amanuily (Fes0, nanoparticles) §uA31zi7 gaumvgiunneineiu:

(200 °C, 300 °C, 400 °C) [17]

2.3 ns1ilueanlunnlaunaunan (Graphene oxide quantum dot, QGO)

Faduoumeaumluiifesnenvesnivoudussdusznaundn lnsfin1sdniiosdves
Sidnnsowdu 152 252 2P? fifidnuaznisinisealasadauuunnindsy (Hexagonal configuration)
Tuuszunuadieseils faudazezpoufinisadaieiusslaniauduuuudng uavadrotusyln
didnnseulussuuiusglneesdviadwmarliiAnnndeudunuuaoaging vinliauddidnnseu
annsarasuilea QGO %’mLﬂui’aﬂuﬂuﬁﬁimqa%mwu AUER (Zero-dimensional, 0D) Tnevily
udmfusuneniidnvazilunsinay Fanfueunenaziiaufundniidesnin QGO eyaA QGO
drulugdunszviuiannsfiusenles wazaislulaseaiieves QGO azdauaa1sAunIIAY
oonled Feiiuiveansflusonledmeudunenysznauludmenyilstuiidoondiau wu nylansen
Fouavmyniuenda fajuisazansildfuasdauatesluiun uasivuinoynieog 3-10 w1

luing lassasanananagun 2.8
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HO

OH

OH -
O (0]

5UN 2.8 Inssasaveensiiualsusiunen

aa [ (4 = s Y [ £ I ad

’Jﬁﬂ?iﬁﬂmi'}%‘wﬂiﬂwuﬁ]@ﬂl‘d@ﬂ’JEJUGIlI@EJ‘VI mmmaqmiwﬁlm 2 E‘ULL‘U‘U AD 1) 35019
(7 6 1 aq [ L3 1 dy
AUATIZVIINUUAIAN (Top down approached) wag 2) 35N15681LATIENIINANVYUUY (Bottom-up

approached)

1) WAsduAII¥AIINULUAIEI (Top down approached)
v & aa o ¢ = o P I o § va S = &
Induismsduasizinalursuaunenildluanavwinlngvinlidvunfdnas Feanses

'
v a a

sudfenldlunisdaasizrnsiiusenlannleuunen Wy eualuaisueu nsng @ulearsueu
ez osmnansseumaniinasiademtasndensiius g Janssenistnandaasizsin
flussnlgsmausunen §135n15duAszianunatatntumsldeduauouanlulasam
TwfvufnsereenBnduluannnisauguanuiunsngs

Line wazamy [18] Wadullasunlumsdaasisinsiiveanledareusunen Tneldnsiiu
sonleiduansiifu Femeusiunoniiduassildaunsatomadls 2 8 fe dmdes uazdinby I
snTflumsusunenTsosLasdimdes duaszilaainnsfiusenles ameldanensanauluns
nwaznsadaiiain maunufeulalasnidslnd 240 56 Wunan 3 $alus antuthagnouly
Asvanealuin wazUsu pH Wiy 8 §ae NaOH Tugnaiuds waznsesefliawmesiuaiusy vunn
0.22 lulasiuns azldnsfiueenledaiousuneni 3esuasdindos luvasiinsfiuoonles
ousuneviiGowuaditniu duaneileinansurinmfusenledmausiunenannuasednsi

dvignsenduladenlulslanne nmeldnstuniuiieamgiiveadunal 1 vu andunen U5y
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pH 1A U 8 Arensalufn Undnd w7 lansesalrofalaasiuuiusy vuin 0.22 lulasiuns

o ¢ o N
ﬂigU'luﬂ'ﬁﬁ\‘]Lﬂﬁ']g'ViLLaﬂﬂﬂ\‘igﬂ‘V] 29

-~

OH COOH
uo\.o. o‘oA:;mo.o u(\sJ’(rootaooeau‘
o‘g‘o{o‘o ¢ e¢®eon e* e P e %% e e o—on
uoos-ooo.of,o‘o.,o?g.. Microwave Irradiation ‘e e“df e e ®e®e®
cteteqrtee et m— oo il ettty
0ot e®e®e®e®e® el P “ e8P ¢®e®e®oon
°o§"o°o°o>o;oo°o°oou HN03+H2804_3h 9:2":Q:°0(2;°:°::
"(,)OOOGI‘O I‘o‘oo m/s‘oocro‘cé’eoooo
OOH H 001
|
[ |
O0OH
‘e
NaBH,— 2 h z ¢

Room Temperature H

@ e $—coon
K2 27D UNCAVR 3 (/"o“ Hy o
¢ o

JUN 2.9 nszuiunsdaazvinsiusenledaleuiuneniignduausaulilasia [18]

watla Fourier transform infrared (FT-IR) gninandnwigasneagnielasaing dauansgy
2.10 N5 UBN lRAIDUALABNLIDILAIFADILAZ AN kAMINISAUAYAAY 1112 1260 1389 cm

! §adunsduves C-O uansdamuoanend C-O v83dnend uay C-O vunAIsusnddn aua1ay
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1260 (C-0-C)
1389 (carboxy C-O)

Transmittance

\/

1112
(alkoxy C-0O)
1000 500

3000 2500 2000 1500
Wavenumber /cm™!

i
3500
gﬂﬁ 2.10 FT-IR ailnmsuves ns1ilusenlyn (GO), ns1iueonlenaaausunen (GQOs), warsnaatn

usanlenmIaudiunen (1GQOs) [18]

MUITBVOI Shuo wazanz [19] Anwinisduasizrinslusenlennlousiunen Aie3sns
FUATIEVLUVAIINUUAIAL A1alanszuiunisidnsaluninsaunualusesue amvaiige
(Hydrothermal) 51l usanlandlas1zin 2835015909 Hummers Iasuwans1los u1a1u
NILUIUNTOONTLATUMIEINUNALToLLWDS LUINLURA (KMNO,) waglgtfauluiasn (NaNOs) neld
anznIadaainidutu (H,50,) Hansdueinsusenlengniiunvijiseteendiadumaaiisiuiu
nszuIunshinlusougumgiige (Hydrothermal) Tnansitusenlangniiuinszaredilunsalunsn
(HNO5) $2833715 Ultrasonication tHuman 4 $2lus xldasararsfimaosds wazthansdauasgoid
1% Autoclave 7igaunq il 100 psawardoa (uinar 12 Falus ndsanduudesligumnfives
asazanoifuinasiigumgiivies tiluiumies uazthdrusudslivinliuisnenislianusoud

gl 800 aerwaded Wuan 4 Tl 9ldnedsinonnun wananszsuIuN1TAIFUT 2.11
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sUT 2.11 nssuiunsdansevinsilueenladaioudunenaieisn1sdunsenainuuasans [19]

ﬁﬂmﬁmﬂmsmﬂmﬂmwLLazﬂlmm‘UaﬂaymﬂﬁmL‘Vlﬂﬁﬂ Transmission electron microscopy
(TEM) wanedegui 2.12 sssulsindanvasdunsinas waeiinanssaiedivesuuinyiiiu 1.0-5.5

PR W0edANRAgYLIAWNNU 1.94 WluueS

JUN 2.12 TEM Uanidnuuen1anienIneed niiueenlenaieufilnenuaznsnszaefivesuin

aUNA [19]
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2) FamsduAsIEFanansuUY (Bottom-up approached)

msduaneginnaiuuy Wumsdaaneiluanavnadnlidvueilvgtu Feanseiiud
feuldlunisduaseinsflusenledemauiunen 1y nsadnsn nglaa nsne3n Wusu lae3sns
wsnsnfeguty nshnlsladansueluwdu Jadunslianudeundasfidvundndmannsnd
panfiduunaennsveulneldgangiiganingavasumaiasifanisaauuiuinduasyilslduan St
nifueenlunmlsuiunem

Mneiseves Feng wazani [20] duaszinsflueenlasmeuiunendremaiagaduun
Tngldansdasiufie Benzophenone uag Urea Inen1slviarudeudagnmngiias (Hydrothermal)
ASLUIUNITIUNITAILASIEY bAS BUATSHEAN Benzophenone, Urea Wag Ethyl alcohol wazily

Ultrasonication 9101 uinly Autoclave Migaungd 180 evAwai@aa 1Juiiad 18 479lus wans

'
[ a

ATZUIUNSTEUATIEIAITUN 2.13

Y

Benzophenone ~ Hydrothermal &

+
180°C 18 h
ol

Urea *

sUT 2.13 nszuiunsdunsigsinsilueenledaieudunevmeisnsdunsenainansiuuu [20]

ANITAANAULAILAZAINITLIDWAT UEHAIAITUN 2.14 1NAUNATUAINITAANSULAINUAN
N1SRANTULAITIAIINETIAGY 220 ez 270 WIlULUAT warananIsiUAsuLYaniasandunisidsy
a o Ly a % a| I3
A0NULVDIDLANATIUINN TT - T Va9 C=C Nelunuserasazlsuifnlulaseasiavansifuaanlas
warN1TUALUANIULIIN N - T U89 C=0 VBINFUAISUBNA MIUEIAY LATAINITLIBIAINUIIN
WuaanladAIUANABNLEAS Emission spectrum 1 440 U lULLAT wagA1 Excitation spectrum

7 370 WA (hasdunRw)
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-
-
g n-1r*
=
(/)]
o
< — UV-vis
= PLE
PL

) —

200 | 300 ﬂ 400 500 600 700 800
Wavelength (nm)

2 P E—— - | i

JUT 2.14 M3fAinwIANIsgAnauLAY LagAnTsiseduasasnsIiiueanladalauduney [20]

2.4 wa@nzliau (Polyaniline)

wadozilau (PANI unedieuluily ﬁﬁimaa%ﬁuwuiwwau@mm LAy auILelsnAnd
flovnouvessnlulasiauegluismu Gsanslaonediuevemedesfidy Uszneumeeidusenauses
d7uAo Reduced repeating units Waz Oxidized repeating units LLamﬁJQgUﬁl 2.15 n15Us7ng

lassaiiveanedesdiuaiusainduly 3 JUkuy IneWa1504191nA1 Reduced repeating units

< A a

uay Oxidized repeating units Inelaseas1sinilsae Alalduttesau (Leucoemeraldine) LAAATS
SAduuULANd A1 n ity 1 lasad1edaun Ae Buwesiau (Emeraldine) Linnnseandladifies
Asanle den n iy 0.5 uaglassasisgavinede weslingay (Pernigraniline) Winn1seandladuuy

Wuslaedlal n WAy 0 wiazlasiasddnduniznizatinouanal insguin 2.16

OO} OO0

Reduced repeating units Oxidized repeating units

3UT 2.15 lassasnsvesnedosiiiu
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Basic structure of polyaniline

Leucoemeraldine base
lgS g SRyt te !
n

Oxidation Reduction

Emeraldine base
O m

Oxidation Reduction

Pernigraniline base

Doping

+HX
——
o

-HX
Undoping

Doping

+HX
—
—_—

-HX
Undoping

Doping

+HX
W D ' DS

D ———
HX

Undoping

Leucoemeraldine salt
+ +
i O],
n
Oxidation Reduction

Emeraldine salt
+e -+ of
o o SR
n
Oxidation Reduction

Pernigraniline salt

K= OO,

5UN 2.16 lasea3neinee) vesnedevilau

19
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2.4.1 nsdaATIzvinedoziau
a Aaa v -3 Y aa (4 1 | v I3 4
noa azuaummmmmiwwim NaNgIoYNMNIBY 1LY U ﬂ?iﬁﬂLﬂi’]%‘ViI@ﬂIsﬁ Y55
(Photochemical-initiated polymerization), N52U2uN19M196A (Chemical polymerization) Lay

nszuIuNIIaAl N (Electrochemical polymerization)

1. nszurunIsweaatualstuniaadi i1 (Electrochemical polymerization) e
nsguunsdaasizinederdaulaslylviy nsdunseiiiunisdeudndlniaiminsaulu
asavarseydfuueuaiuaiieliiinUjniereondindy LLazLﬁﬂ‘dﬁﬁ%&l’l‘waﬁLuaiiLWﬁJuﬁ%’ﬂWﬂ’l
mudi Tneunshorfuueusiue wiinuaudinliarasluild udezanunsoazareluasazans
fdunsn (HA) Fdluannzdunsavjerillu (NH,) vesesdauneusiusazegluanimindessdau (-
NH,"A) lafinslidngliii 0.9-1.1 v exfifuneusweszgneandladiimminiavesdidninig uay
Ainnediuelsiwdu

Miaomiao wazame [21] ladunsizvinedesdaulagendanszuaunisniedinii logly
AUl uReflnemsaunsafivihmin i uansSefiuansreiufe Chlorates (HCL way HCLO,),
Sulfates (H,SO4 weiw p-TSA) Wae Phosphates (HsPO, wag PA) lunis@inuiléimuaadndliinlii
1.0 Taadt itelerdiduveusimeazgnesndladiinantindavesdidninsn uazdanediwelaiedu digu
i 2.17 uansdnugnanienmvasedeydau MnmIneassuandyifiuiinmsAunsafiuansaiy
AINAF DA NBAUENIINIEATNYDY PANI Tag PANI/HCL wud1laseas19v9 PANI ﬁgwqumm%mﬁa
Wisuifieuiu PANIZHCLO, 33lnsadnsues PANI/HCIO, ﬁé’ﬂwmzaumﬂﬁmzmaﬁﬂﬁaﬁ%aua il
WWunsagawmnasly PANI/H,SO, Wuiwﬁuﬁaﬁé’wmm%z WHeeAI1 PANI/P-TSA nTufiune
nauveIeaNmnlATIAT198Y PANI/H;PO, lanednuaeilauunauasiin1sinio UUURIeIwuA15UaY
ogsaianoluvued PANI/PA fintsdeusiurasounia datusinvosnsafiduadlufinasodnuasy

manenm Famsindaminatillituinagussiian seunfe Aaewse Laganvinefonaduns
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PANVp-TSA

gﬂﬁ' 2.17 SEM 89 Wau PANI : (a) PANI/HCL; (b) PANI/HCLOg; (c) PANI/H,SOg; (d) PANI/p-TSA; (e)
PANI/H3PO4 and (f) PANI/PA [21]
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2. msauaszlaglduas (Photochemical-initiated polymerization)

a

nsdauAsiznedaziaulaslvuwas arunsavinlalaenistvvaslUduauiduniiaisusenau

a

langigadouvatlaneasieoy 1w [Rulbipy)s)® wag witalalalaiau (Methyl viologen, MV e
[Ru(bipy)s]** @JmﬂﬁuLLmﬁmmmaﬂﬁu 452 wluns azvldiAn *[Rubipy)s)? waaniu aziin
mssheleudidnnsounin *Rulbipy)s?” lUds M2 agld [Rulbipy)s* §avimthiifieendladiiuss
wazvibiAnnszuIuNTNedwelswduveinedes it

Barros uazAny [22] lavinsduasgvinedosiaumeismslduadunsifianediuelsedu
Tngliildoondiatu Tunssurunsdauangiizuan wisuamsasaonauesdauueusiue 0.5 lwardlu
nsalusin 1 Tuand uaz 0.5 Tuarf Janesluwsm dunasazanenaylyiuasiinnmuegnindu 365 wilu
wns Hunan 2 dalus ndmnduiansaransluduvies unsdragneunedoriaudethdnmn
leeausniverdlaluled anduildasisasuiendnual Tnsnuidefinisdeauufgiuimniiu
asazawliluiia avlianunsoiamsnediuelsieduld Famnesannudteynaiuliaiunse
sondladususiuesriauluamsaraisld eglsinuilonawhufAserduasazarazsiiliiiians
nsgduozifutause ntudidnaseuargnatslounnesddunsusweludioymaiu wagyinlv
Aanaunodiwelsetuld wasdswaliloneufuana MatunadouALS MEIMEA A BMAT
SEM uanenegy 2.18 lusy 2.18A uansdanisiiawediualsieduvemated Inadmuinleuninves
Fuiintusguavdnvasremedesiaulidnuasnisnan sonlugu 2188 tivm uduuadonsld
wasdurusanuIlifioynirvesfunisluasazats gavine 3U 2.18C msAnuwiiiiuidy 1neld3d
B0 nuhanunsaiansmedwelnetuldiun duunaniewedwelsieduariuegiunisnasdu

YpawadndlUgdnsazans

JUT 2.18 ANWAENINNIEATN MTIAEBUAIY SEM ¥8d polyaniline composite AT viaIeuasi

uANAAU (A) UV synthesis, (B) visible light synthesis and (C) $s@10nd [22]
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3. N32UIUNINAAN (Chemical polymerization)
N1sdRATIERa18IENINATanduU NS e10onTinduretesdaunoualuofiuaI A3y

(Initiator) Wy wanlaideuasdams, nunaweulalasue, lalasnudeseanlas Wudu Inavinnns

@

duaneiluanieidunin Msduaseineisiaslinedweninnuuiansguuazliseddiniodie

=

Wiz nilduuasemaainuiaulafe Y§Asemeduelsiatusenineaignia (Interfacial

<

Polymerization) 33n13duAs1zvinedsziauluunedwesisiatuszningignia wWunszurunisn
WnufAsevuvuaeslanlunauiu laundudiihazaeiduiuazdviazanedunsd Twisdasli

=Y

wodozdauildtinnmuuiansidesanildnsnsiiaufitenge wagldquaiilias duameildieg
Tnglutuneunsdansei exfiduneiussluazgnavansludusvhazanedunis warlududniueed
mafuwenludoumedainaiazats dunovluniaiAanediuelsieduves PANI useenldiiu 2
Fumou 1dun Fuiivils mafinjiseoenfinduromsuoweiiiolildusidaussquin Insusida

wianlanusaiinslasuudlavaiglasasne wanenagun 2.19

JUN 2.19 lasasrauslgiuuduuunigg vaeushfrausygresedosday

Tuilad ABLAAN1ITINAINUYBILSARUTE Yo auDwear AN Meldaniiznse Getunauilashs

lUsnausen (Deprotonation) aglalasaiialawe Tuujisuiisswonseriuvadlawe druanine fe

maienedwelsiduiauu dnsdevesasldlaewshrausyyvaslaodnsananinagui 2.20
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+e + + + gt
S i
+ -H Rearrangement
i = o=
) pmmn ==  pm( n

Dimer

-+ Rearrangement
s Spmice O =
+e -2e”
G o >
i

3U# 2.20 Yisemediuelsiviuvenadesiitiu.

Detsri wazanug [23] ladauanevimedesiiausieidmsnedwelaeduseningigninlayeide
wla 2 wladiunnaatulsznaudiednniaul (Aqueous phase) ag Tpaiafavazatedunis
(Organic phase) laglu i’gmﬂﬁflmsazma Poly(d-styrenesulfonic acid) (PSS) gnuaNfivansazany
Ammonium Persulfate (APS) Tuansazatsnsa HCL aadudy 1M luvnzidgniadiazans

a a6 a aa s o =
UNIY Lm‘iﬂm’mazuaumauaLuaazmsﬂ,um‘ﬁasmEJﬂaaIi‘V\laill LLﬂﬂ\WNEU‘V] 2.21

Aqueous phase: »
Poly(sodium 4-styrenesulfonate),
Ammonium persulfate/ HCL, H,
Organic phase:
Aniline monomer, CHCl, =
—

4°C, 24 hus
UM 2.21 Msduasgrinedeslausigisnisnedwelswdusenineignia (23]

ANNLTUYBIESAYaN Poly(d-styrenesulfonic acid) (PSS) favdwanenisdunszrinedesiau

meTsnswediwelsietuseninedngnia naifie (3UN 2.22) Aenududuyes PSS N 3 ladluans
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azlianunsodunsiyinedesdauls TuvueNANUUTY PSS fawe 3-50 faaluans wedeosdaun
FuALILe WUAINTTRANTURALNUTUNANEIAGU 750 UTLWIAT Lavdzanaailaliiunududy
a X 2 ! A a s a aa o fY  aa a o
WNTUAINE  100-200 Tadluans  n1susingmedesliduainnisduasienimedsnisnediuslswdu
seinvignaindulaidesnnmafausmeliihatindserimydalniun (SO lulassainees

PSS way (-NH;") nmelulassadreveanedesiau willenhlminansusenau PANi-PSS

a) 10
-%.
,4’.
08{# e —
* * Fer
E 06“ ,‘i \
o A v,"\_‘
é i g 7 3{*
4 g z
g 041 1 , \\
! S =3
021 &0 950
]
00 & 2 ! v . - > .
0 20 40 60 20 100 120 140 160 180 200
PSS concentration, mM

=1

sUn

v

a1fula 2 wlanuanaiulsznaumeinniaul (Aqueous phase) kae IganARIvinaranedunsy

2.22 Ansanniulasvesnafesiunduaneinigitnisnafiwelsiutuseningignialag
(Organic phase) nelan13AnYIANIZAUTNTUVES PSS [23]

2.5 wadeziilaediu wulasiwe (Poly(amidoamine) Dendrimer, PAMAM)
wodorilaeiiu wulasiue (PAMAM dendrimer) dailuianwediuesiinlu flluanavuin

Ingy (Macromolecule) lasdaseUsznauaigfianiudIuiuain (Highly branched) wazdingfiladuuy

o

¥
A a o

fuidwIuNn I3Usmsenay 3 87 PAMAM dendrimer faansiafiosvnaadl danuduiive way

fanuannsalunmsazaieiigs [24]

2.5.1 lnseainauazanauUfves PAMAM dendrimer
PAMAM dendrimer Usgnaunle wasluile (NH,) vsatefaulaeiiu (CHgN,) tuwnunans uag

v v

uituledlu viseleludegauuenvedlasasiaves PAMAM dendrimers dyudaieaziivsansuendan
wagsomevyoriily uansfsguil 2.23 waganunsanuauselnnued PAMAM dendrimers lagaguunn
wazninluana dmsunuaudives PAMAM dendrimer auniinvasnedwostainulaieasd

A a0 [ a a  w ! ~ Y
ANuniafiainimedwedudu lnenuin anuvilaganveunulaweazasgaiseinm 4 (Ga)
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(%

A INHUAzanas lngunfiudinefiueviinduauvilassiiudunuiininluena Hewnainnis

=)

fdwufwnnvilianuaunsalunsazatelaas waglweufisernnn uenantinulawedzd

N

& =~ ad da A " Iy
AWl UUNTINAN MI‘WNQWEJGL“LJ LAZUNUNNINUIN [25] ll']ﬂ"L‘Uﬂ'g’]uu@'ﬂquaqﬂqiﬂiumqia36']885]

Fuagiuen pH lngnudnanuausalunsaraegegail pH 7 wazanasile pH 10 wazagnuiand

pH 4
S T HaN
HN .
) 2 Generation 1 8
{ NH
- -4NH 0«{ .
s 0= .
y H L ) q NHz
Hz.N"\/N\A /\ T - ‘a{;—«f"‘N/\J \
/ I Core 7\ 7 H
the O fH
HN\/O T L
\ /
~ N :
N !
o }NH
HN W
) 0 )Nl o
HN Bl — ] k ,ﬁ\N’\/Nv’;
~ o i =0 H
o 2 e

s 2.23 Tas9a$19 PAMAM dendrimer [26]

2.6 M3duATIENTAANEN (Composite materials)

2.6.1 nsdaasIzsidaaafudes (Ultrasonication)

HuismsdansesiTanuaslagnisendonaudeedidaungmienausansiunis (Ultrasonic
wave) ddlunaianisdanseiianinsngnisalaiedu (Cavitaion) Fenszuiunisiiintuly
fnanwiFemsarmslasunausantladnilfiAansasuulamanenmuagmanilaginain
wssnaidlesnainlesermediiniu wosornafiAntutuainanisiiveunadldsuadusaniledn
TnerlesormafiiniuiasdudaduussduiiinnnedusanilednilfiAnnsuandsufassuing
fu Tnsduusnlunaiinnesninmiesa fendsnuveadosiifanuduganit 10 Yaddenis
wuRINg Fadisameavaaneiusziaiivesasazasliumnesnainfufueyiusvedlessuuanuay
au TnseyitusvaniiesiidusdnivdonssduliAnufiseninend savisletesmsarasfiinty
TusosnaniAanisunsvaslovasarsaranedrlulunosornmadsturudvuadifiniu asvilill
anusanaussiunegluly Aaziinnisvantdesmnuiousonun navesnszurunsieluaiineliiia
Wdnanu (et stream) 9nnsuandveswesetna ddliAausadeu (Shear force) wagaaUNIzUNA
(Shock wave) FafuaumnivinlfiAansuiuresouniadsmuiiigaarsulss innudouty
duntafiuAnnsmasus veseynavesdsiinvviuasseglumsaras lndasnaiAnufazen
sehsvesiduazvesmaniiviuegnsdunduiiliinnavesudundnanstu
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ALV Haijuan wazame [27] duasizitanaeulndnsenineeuniauiivan Covalent
organic frameworks sgnisldnaudanilednlunisdaunss lnasuduassioyniaudmndnuily
A2835N1IANAENBUTIN LOS 8L FeSO,-TH,0 (2.8082 ¢) ag FeCls.6H,0 (5.4606 ¢) avatgluin

Usaantessu Jununeldudalulasiay Wiy NHaH,0 sgsdniieliiinnznou ﬁumuﬁqmmﬁ
50 ssrnwaLdua agldmzneudduareuigamall 70 sawadua Wuan 6 $alus wiswiagaesln
8n LA FesO,4 way 4,4',47-(1,3,5-Triazine-2,4,6-triyl) trianiline nszanesalutoniuea 20 mL uag
thluTeiin Wunan 20 min wdsantiu @i tris@-formylphenylamine 1in Acetic acid tilUnay
fugonstedindudunat 2 $9lus d1988 Wwusauas tetrahydrofuran viliusiaduan 6
Falus thluneaeumsdaaszsidomadn FT-IR wansfagud 2.24) lumsfinwannsuvesian
AOLINER Fe,0,@TAPT-TFPA-COF nuawnasuvas Fe-O faundu 632 cm™ b nelulasadedany
alnasuvee the C-N tag N-H stretching vibration Fudueadusznauves TAPT warnuanasy
93 C-0 \fusausznavves TFPA salundntuld@nwssmuninvesianaonlndndematia XRD
LAnIRagUR 2.24(b) izmumﬁﬂﬁwumaiui’aauﬂiuﬂamiwﬁmLﬁmﬁumsﬁumsmmgmmaq FesO4
(JCPDS:No.75-1610) wuflsjsl 30.2°, 35,59, 43.2°, 53.6°, 57.2°, and 62.7° fatiudsaguldiflunis

dupszilagldndudaniletinanunsalddunsziianuiluneulndale

a F(‘.()‘ a TAPT-TFPA@COFK b
I 1 ——Fe,0,@TAPT/TFPA@COF
"\W"—’—"*‘*\; Sy

- | (Fe-0)632

e (C=N) 1580] I
é TFPA i -~
8 =
B &
S =
- 'a‘
g g
2 K
2 vl =

= H Y

3320
"4"3(’1 (N-H) 7 ; :
N v \/\_
(Fe<0) 632
4000 3500 3000 2500 2000 1500 1000 500 10 20 30 40 50 60 70 80
Wavenumber (cm™) 20 (degree)

EU‘VT' 2.24 (@) FT-R & Unasuves wag (b) XRD pattern 484 Fe;Oq TAPT, TFPA, 160 A AdU
Fes0.@TAPT-TFPA-COF [27]

2.6.2 Aduaufeululasiov (Microwave radio)
rdulilasndaduaduuwimanlnilnodaudegludis 300 MHz fs 300 GHz Tnoadu

lulasuvazgniddeudundsnuanuiou Gandundsululasivazgndwnsalugeianaevinly
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Aaufizenszricluanafuauuusdmdnliingluszu lnoadulilasnansonsgrinufanuay
Tndsnumaen audeudsanunsaiatuldnaen anufeuiiintuasiiaauiiasvesian
33809 Zhen uazansy [28] loduasizieuiudant (MCM-41) saidniunylsiussily
fre33nsederdunnudeululasin wisy MCM-41 Tagtn Hexadecyl trimethyl ammonium
bromide (CTAB) aranglutiusimainleseu 40 mL duniuduingi 30 min Agamndl 35 asen
waidua WBUT3M 0819909 wazUSU pH Wiy 10.5 fhe H,S0, Yumuserduan 2 %Imﬁqmmﬁ
35 parniailea vinuFAseremeaduaudoulilasion 14fdslui 400 Yad 60 min wdandy
fidlduilunses uasyliuis aavhelumnagld andifisnsuruanans Ufuussiufalneuia
nyfledueziily I MCM-41 nszargdaly Toluene 100 mL L (3-aminopropyltriethoxysilane
(APTES) 15111 Refluxed Tigrumndl 105 asrwaidoa 1unan 6 dalus ndsmniuienansazaiouay
vosufseanainiu wagdudunsiinianaeulndnsnenisnsiaia FT-IR uanssguil 2.25 MCM-41
‘U'%zj‘mé wansaUnasy asymmetric stretching vibration 789 Si—O-Si, llavAdy 832 cm™ wdsaIn

nsiiumyitetusrlluniglasasanvannnsuiinluin 3740 cn™, kansisaunnsuves Si-OH wu

aUnmsuves primary amine AtawAaY 3350 cm ' aw in-plane bending vibrational U89 N-H 7

a 2 ) 9] v & \ D 1%
LYAAU 1650-1500 cm™ * AsuUNNALUNATH FT-IR LLaﬂ\ﬂMLﬁujqﬂTﬁisﬁﬂaUﬂjfllliauvbﬂﬂ'ﬁmw

ansnasvianaenindnlaasy

Transmittance (%)

——NH,-MCM-41
——MCM-41

1070

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm~ 1)

sUT 2.25 FT-IR awnnsuves MCM-41 uag Sanaeslndn (NH,-MCM-41) [26]


Mobile User


29

2.6.3 n'ns‘*i}jlugilumu%y'wia%gu (Layer-by-layer deposition technique)

wiadan1sTugUkuutusety WunssuiunsasieTaguuutusedu lngluudaztuvosianay

9

ofedunsizeuanssiulunsiiisen wu fustlelasiau Taeefiun wagusaisliin udu
Tnemaiaiaglimnuadiosguioiniinsdadssmedasiaiegudussfovuazanns
AuAuANILITasTuTanld danalianisdusuuvutudeduansntunadisTanaoulndnld
pndogadunsiluadausuiidauns uansiinistugiuuutusetudagud 2.26 Tnetunsnmiiusiu

nszanfuluasazarglndueulossy (1) wanhludwdiuimiineendigiindu (2) adulugud

a15araelndnanlenau (3) kaa1998nA28UINaY (4) INTUILLAANAUUIITUUUNURIVBINTEIN

nsnaaesduiiauasuiuIutuiAnwlunsveass mnlunituaansadineadatugUluutuse

v A

FuanUssyniasisianaeulndniuiandue 1y wedwe Ampufunen aun1ARaasY AINUIENISY

9

Falumadeniia uazdiesenisasnsiangpeulndn

e ——

1. Polyanion

.__>
2. Wash

L
)
72}
S
)

JUN 2.26 MsaailduuamnemalianistuguLuutusiaty [29]

Tuuideve Denise wazAny [30] @519anmaulndnsz1ine PDDA/MWCNTSs 92835015

Jugtuuutusedu dunsninien Substrate nglfidunszandlad dansvandladazgnyinaruaren
Aoulne wrluansazas H,S0.H,0, (3:1, vA) Wutian 60 min drludrefaetiusieannlossy
L38UENTaYany PDDA 0.05 %w/v kazUsu pH 1Ay 6.8 n3suaisazaty MWCNTs 11 0.005 nsu
MWCNTs nszanedalutiusiranlessy wild Ultrasonic iuan 1 92lus ndanndusriinisty

sULUUTUsioTures PDDA/MWCNTS Tuwsni nszanalanimseuis uiluaisazana PDDA lunian
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5 w1l d1esreiusmanlessunasinlurusioluasazats MWCNTs Wuian 5 unil d1efaeth
Usenlesou uazlugiluansazats PDDA adufiu ansazany MWCNTs auasu 10 $u axléfidy
PDDA Wy MWCNTS tisiufiduusasdu YameAinisgandunasiewmaia Uv-vis fagu 2.27 nui
Sodiudnuduinisgandunaniuiu fmedutuuanddnininneuindnssitduiatufiudu

\F98 9 kanan1siaufATe R uUTuRatuinTY

0.30

0151

3' o
- % 0.12;
eV [}

S 0.09 .

2 0.06- ¢
0.20 o

2 0.03

<

0.00 A\

oispd o 12345678910

Bilayers

0.10

Absorbance / a.u

0.05

0.00 -+
A YA 1A 7 B
200 225 250

= ™ ™

1 " i I 1 N | -
275 300 325 350 375 400
Wavelength / nm

E‘U‘ﬁ 2.27 UV-vis avUnady 98¢ (PDDA/MWCNTSs) 10 layers assembled U quartz slide [30]

2.7 N52UIUNINALY (Adsorption)

Inenszurunsgaduiliunszuiunsiifindunusnuiiuiduiavesianadu (Adsorbent) 7

<)

3 a = a I3 & & a2 d'
L UYDILYS Imf‘Jllﬂqiﬂﬂ@@LLﬁﬁﬂ%aNﬂ@ﬂIﬂJLaﬂqaﬂ@qsﬂaﬂL'Via'l VDALY LbNE UUWUNU"UQINLaqaﬂWﬁVIQﬂ

o a 1

Andu Azgnisendt a1sgngadu (Adsorbate) lnensyurunisaaduaziintuseninsansaesaniugdn
fndu Ao s2n319i9adu (Adsorbent) flogluanusvesudatuaisgngadu (Adsorbate) Noglu

anuz0DY MsoEniniIgaduiedluaniurveanlsivaisgnaaduiedluaniusveanal wie

o oA

szniniigaduiiegluaniuzreswdsivaisgnaaduiiogluanusuia nszuiunisgaduaziiniiy

Y Y

WANF9AINNTLUIUNTINNIYATH (Absorption) NiFIgaTa (Absorbent) avagluantugvaunal lagly

a

NITUIUNIIAATY ALAANNSNEsHgnandunegluanuzuiaszunsidiludwgedy wilunisge

Y Y

1Y
U 1 al A a

Funwindulagaisgnaaduizgngaduey AN uR dulavesiigaduniiureuwds uasiilaiin

&

NIzUIUNTRATULET Bnnszuiunsiieadas fie nsrurunsAnedu (Desorption) WWunseuiunis

Masgnaaduunseananinadu tnenszuiun1snndudunaiinannaanuiinTuUENURY vise
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NSAALSIAIUNILNT Baudazegnauvedliianavzgnaamileimeiussssninduiana wu Wusyle

2
= 14 = =

aailn Wusglaaud Wuselave wariuszNailuasduegivlssinnvesianiinadu lngasuus

WaAnssun1snaguaanidu n1sgadunisnieniw (Physisorption) kazn139 AT uNILAT

(Chemisorption) Fan1sgaduniaad 1inTuainni1suanidsudidnaseunselddidnasousumiu
senineansgngadu (Adsorbate) wazdagadu (Adsorbent) ViliAndusiusziadl (Chemical bond)

danavinlinsgadursensIaduMaAliiauLsINIINITEAFUN1INIEA T NSIdRETsgNaRdY

(Y o = o

gonIINuRIfgaduisinlaen waznisgaduussianiifunisgadunuuduien (Monolayer)

Y

WU wagN13RAtUNIINIEAIN dnwaznsiadlalilanavesEngnaadu (Adsorbate) In8aduriu
luanavesiinadu (Adsorbent) A8LIINEOU LYW KI9IIUAB1A (Van der Waal force) 439019

Usganaliii (Electrostatics force) Insuseiana1asdusgiuanimdivediuana luanafignaady

Y

o
v a o £ o

réallauaudimauaiimilouiy a1signaadutiuaiuisaandulavaiedu (Multilayer) Ingluduusn

Y

)]

[

WuanszgnaaduuNurLastuiaessgnaaduuLlianavedasngnaadulutuuwsn Jnuiuduay

Y Y Y Y b1 RY)

v
a Y o 1 Y &

Tuadiuanuiuturesasgnandu Ingviinvesiigatuaiinsoutganlallu 3 Ussinn [31]

1. dageduiliduasuszneunfieendiauluesiuszneu tnevilusnadulsainvilavyey

H &

11 wasiduansusznouniitn 1wy danea wasdleolad (usiu

2. dpeduliduasyseneunfimiventussnusznaunan Feiagadulssinnilazd
AosautAliveut wazluansusynauflidvn wu auduiud wazasalie Jusu

3. fgeduiiluasusznouniinedweidussAusyneundan Faiagadulsuianioziivad
[ M A Y A AT @ uX v oA a | a i =1
Juansusenounlddtmsenivanledued ivsiinvasmediiue vseiinmsfavdileidunuaunigly

TJNTU
Y 9

lalemauvasnsgadu (Adsorption isotherm)

<

Jumsfnwianuduiussenind uiuiignaadu ngnaadueguuianaaduiuaududy

Y Y

o v A 1

YoIiIgNANTU 1 dan1izaunalaefgngaduiinibeluanududy Wellaauziluvesnasiinig

Y Y U

a d' Y v o o o =

Aaduiigun)iing lagagduiuanuduturesiigngadu nieauautivesiigngadu Lieifin

Y 9 Y Y Y Y

LY U < o 1

NIEUIUNTAATY MIgnaadulzinzinueiuiiTangaduauauinliusefeseninsiangadusouad

Y

wionadapsaninsagedusisluladutug ddduanuasionaianisgadutuiaesnautuwsn Jusdiiv
lelginanveinsgadu lnganunsaiiarsanlaann lelelemenuauiies (Langmuir isotherm) uagle

lomeunisgadunundy (Freundlich isotherm)

[ v '
= U 6V ]

n.leleieuuaaiies (Langmuir isotherm) : LuudnaesiiiamuIuainnisgaduine

' [ '
v A 1 I

Avewds Wnendsnuildlunisgaduiiaasivazlituiuamuaudfvesiiuily nsgaduaziiamnizi
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o o

Tngladusinszinseninduanavesdinady tagn1sgaduasiinduunnfigaiieluanadignaad

U1

nzuiigaduissegfel Tddmsumsgaduwuutuid lngauudigiudn Tandnunialunis

v o W

Andudin lneusdazdunia avaeduluianavesasgadulaiiios 1 luana wenanillunsagsiums
eilANANToUTRINTAATUWNULAE AT siaunlaanalignaadulduIuAwiuaukar iy
o v v @ o = = ° ] a ° 1 Y
n3gadu NM3dnseeiduduibel (Monolayen) liflusensgyisenindluananiegludumidnalaes
fiu ildndsnuvenisgadumdeutuluyniiug ussisgaszninduanaduussgauy awisavi

AnufAsedunauls aunismsaaduveswasiesanunsadeulavisaunisi 1.1 [32]

- X_quce
g sm————— (1.1)
Waunsi 1 dnaliegluguvedunse ansaweuladsaunisi 1.2
AR
o LR ERN (1.2)
i vg AR WA
We ge = MnuansatumMIaadunaNuiLTuaLna @adnsunaniy)
o = ANUAWNTOGEATUNIATULULTRYY (HadnTusiansu)
K = fipsfinnsaadu
Co = AMNUNTUNanIauna Hadnusiodns)
= 1 1 14 ¥ a1 L 1 o 1
lagaunIndeunsInIEnIne = uag r o wlensamidunseilainnuduminy o uas
e Im

s ! U 1
AAAUNY Yy IVINAU —
Im

2. lalgimaunisaadunsuady (Freundlich isotherm): aun1sWsundy 11130

nldlaninisgadunisneniniazniaail lagldesurgnisgaduresarsusznaulsziandunis

Y

wazansetuniduudigadunateuseian Wy sguduasied aududud Iddwsuesuielelamey

[

nMIgeaduIINaNuRgIuTd Wulvesmgeduliduledeiunaen ([dnvazaase) lneluanaves

Agadueaniginlauinnd 1 u (Multilayer) ddlngjiealdasurgnisaaduiandninaisueu
FadlgUuUANNTUARSAS aun1sh 1.3

_X_

q—;—KCé/n (1.3)
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Mnaumsi 3 aunsidlilianuduiusiBadunss o K uaz n iJudasfivemisunay
(Freundlich constant) vedusiagszuLfirds@nwvionnass uay n IeSurednualelamenvesns
Aty Taevalu n azdidnannndt 1 deviaunnsit 3 dagulmiliieglusUveadunssagldfaannsd
1.4

logq= logK + IlllogCe (1.4)

dlodeunsinsening log q wag log C, axldnsmidunsafiianuduwiidu 1/n win 1/n de
wiriu 1 vsvenlatalelewennisgeduilunuuidunss 1/n dosndt 1 venferuaiunsalunisgn
Furesigaduazslunnavosnrdudu ¢ vioasuldinduTnaiuinuufgaduuimadste
wagillo 1/n 110031 1 Ysvendeanuansalunisgaduvesdagaduazgadulsunn uieding

d‘ o U o % d‘ 4 o %4 49{
WiguwUasuusgadu sihlviansiidesnisgadulauniy

2.8 nMsanaseavaudssauiuLtingn (Magnetic Solid Phase Extraction; MSPE)

nsanamenavendasiuiuLdindn (Magnetic Solid Phase Extraction ; MSPE) 1135015

WS HUAID819NUN 98U UATIZUNIAUTUTY TINTHTOUAIBE9NDUTN 92UNE15A9819604

Y

szuulasunnnsiwuurounaIaNsIauzge \usasnddgun iewinlumegrsiuiinisuuleu
d = o I a s = a o o v
WINWeIeaNRliansisliiesnsliasieiegunn Sunaia MSPE gnitmu1nan n1sanamema
Y944 (solid-phase extraction (SPE) inadadlddmsvanaasiiaula iuneaiiafiasietgisas
Inaruiigaduignussabilumsnsaduaginlviansnaulaliasigmiiadunsisernuiigadu a1ntu
v v o d' ! a{' o a L4 a = a 2 Aa
QnYresnmefvinazaefiminzaunauidzdluiinTed lagmalln MSPE 9ziin1sifumanii

AosandRnuluwiminidilundgedu ildaunsaldauuiivinaeuenwendinaduesnain

£ U v a

asavaneeglaeg19ie Ineimatia MSPE ludndudesussymgaduliluasviad Swandym

(Y] A

nsaaduls waranusadnduldgrlavaleass danninunyssynalddmsvasisianaadulagly

wmadlanisada MSPE deafldYanuilu iy viounlumisuou waznsaflu (Judu iesaniaguilu
A1 UUVMAT AN IO AASUATATEILUUNIE- WY (T — e Interaction) WATWIIITL 1ABF1E7 (Van
der Waals) fuansnguitlaisouth (Hydrophobic) uagansfifnswnuuudu siiediiussafiinsnaug
e ¥ Wenansauenvidearinans feuleiieneidwonindlendnozlandnlelasansueuld
31N91U3T809 Milad wazane [33] liAnwinisduasiet wedwialanidusiudveynia
wimdnuilu dmiultlunszuiunsadadmemavesudesuiuuimin iegadunedlondnesls
indnlalasesueu nthiegns Fadimsduanmeioymamdnuilufeismananaznausauseming
asavanaiesineasls wazinessanaslse Ingld NaOH WWuastegliiinnzneu nasnnla eunie
wiwmadnuluiseudes twnhufasensmduwfalanidiuse 15u91nn15th eynAwsivan 500

a o v

Jadnsu nszareddluliusirainlossulas Llevneusa 19051871 2:1 Lagliy witalanidy 500
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fadnfu iiuadllegnadng v¥ins Reflux e 24 Falus meldlulasiaufng gariedneiaen
Usenlooounarilusuiigamgd 40 ssmiBoadea unlunirdudainisinudvharedmsu
AT udnsiudawinden Tnawnseuaisazaranay Tetramethylammonium chloride: Lactic
acid 9m31@9u 1:2, 1:3 uag 1:4 uag Tetramethylammonium chloride: ethylene glycol #2¢
Snsndau 1:3 Junu floamgd 80 ssmuwaila mndufnuiendnuaivesiangadu iasgving
flafduvuiiuinvestangadu fagud 2.28 (A) wun13duves (Choline chloride) 7 1071 cm™ (C-N)
way 3412 cm (O-H) Suduldindulaseadrsves Choline chloride nsduaes Ethylene glycol wu
71 3589 cm™! uansiis (O-H) Anwidnwagmameniniewmaia FE-SEM fagU 2.28 (B) wuindnwasy
aunalisUTamsanay wasvegeuamaudRnuduwimandie VSM fagu 2.28 (C) SR 40

emu ¢! nadauszuIuANNTuNEnvelATIEs19iIE XRD wannagy 2.28 (D) wuinianaaduuans

JEUNUNAN ATINVAITUINTFIUVDY Fes0q (JCPDS: 00-019-0629)

g aTye

<hed

Trosaiwce ()

- — -— — o — - — L — BEMMAG. TS0 N
4500 000 YOO VOO0 2900 2000 1900 1000 100 WO 3 00 men Owt Do am
Owtadrmady )i TWINTE  View Sl 7 49 pon

Wavelenuth ')

=

i N
K {
§ ° %
_E .'C‘&)O 15000 0000 000 S0 0000 15000 arm
‘ »}
: /’
0000000 0
o ¢ T T T T T T T
L o X < \ [ b
Applied Field (Oe) [ Thert RN

sUR 2.28 (A) FT-R avnasulunisiedey DES, (B) A FE-SEM v84 Fe;0,@PMDP, (C) GRIGHRE

U

A TuLlnanYes Fe;0,@0PMDP, (D) S¥ununan XRD v84 Fe;0,@PMDP [33]

wazlad@nwianngivunailunisgaduiazatedu linanimaassde Usunsdiegie 10
T80 USunaiigadu 2 Zadindu Tdhanlunisgadu 15 wiil wag atedu 1 wi legldansazane

lunismedu 25 lulasdns winldnindufnuiuszdnsamvesiangadu lngaiunsadinseai
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a1sUsenau PAHs lalugasanududunsafianududu 0.1-500 lulasnsusednas lae R? Wiy
0.9986 A1 AT iAR1AAU8IN1TNTIITARYIUYIT uae FnTIARRIaAYeIN1ITATIIIATIEIBY Y
Wity 0.03-0.14 lulasn3usiefing war 09-0.46 lulasnusiefing mua1du Beianaaduilanunsagn

Fuansmegaleesniuseansnin

UITYVR9 Xiaohan wazAne [34] vinsana Wmaleedanazlsunfnlalnsasuaumamaile

n1saiasewlaveswdasuduuiinan Jeladunszinedaladuvusuniamanuilulunisadin

1
av Ao

a1sUszneau PAHs eenann eise lunmuddeiduasziounamanuiluieisnsanagnausiu lngld
asazanwledin uaziesiananolsd silvinnaznausiie NaOH weldeunmawimdnuiluieuios
w&1ti Oleic acid nsgaedaluiusaantessy dunaunelianialulasauduian 30 und
n¥a9ntuiiu Sodium dodecyl benzene sulfonate asluufAsentluniuderduinan 30 wiit uae
LA Styrene wag Methacrylic acid LAu agmﬂmé‘ﬂuﬂuﬁ'ﬂim'1aﬁﬂwfwﬂsﬂﬁmﬂiaaauﬁ&m%aa
Wé gaveLds Potassium persulfate sty MiGuduwssnsiiawediuelseduvomeddls
u filifunan 8 4alus ilelAnniswedimelsiwduitanysal drfangaduimadeuiendnual Ty

ardmsnzvimyilsiduuuiiuinfangadu sewnia FTR uaniisgy 2.29 aunasuvateyninuivén

| |
v A

wluUTansNUNIEu 550 cm 1un1sduves Fe-O wagaiunasuvasuilunoulndn wunisdui

£ '
=2

1650 cm™ ' uaasilavidmsuen@dntueslsenauvas Methacrylic acid agdliava Fe-O LAY

D.

700 cm! gty wiatia FT-R duduldinuszaumudnsalunsdansiziuilunaulngs

——— MNPs
e PSt@VINPs

S

® | \ C=C

2 , 1500-1400cm™ _}

kct \ / -

.-‘*é C-H g 1000cm /‘

z 2900-2800cm’ / Fe-O-Fe

- =C-H C-C=C-OH 550cm™

3100cm™ 1650cm’

FF 7 P77

Wavenumbers (cm™)

%,

U 2.29 FT-R aUnn$uues MNPs wag PSt@MNPs (A) [34]
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lunddeladnwaneivuzandmsumsainaisusenayu PAHs 8ana1nasazangeise
wanalugui 2.30 lagwudn pH Awmnizaulunisvitufnsends 6 Usuiadiaadu winvindu 20
=)

Tadn5u natlumsana 10 ui arsazanslunisaedude Acidified acetonitrile USUNASU098159 LY

ANEYU 4 Nadans naNglunsAetu 4 Uiy

(@) 5 (b) e, (€) 550
* 2004 ¥ 2004 x 200
— — p—
- < <
E 150 E 150 : E 150
3 g g
- 100+ - 100+ = - 100
< “ -t — o
L R .’A g g =
0 T T T T T » 0 T ] ] ] ] T 0 T T T T T T
4 5 55 6 7 8 10, 20 30 40 50 60 5 10 20 30 40 50
pH Adsorbent amount (mg) Extraction time (min)
(d) (®) 250 250~
200+

- » N
g 8 8
1 1 ]

Peak area (mAU*s)
8
1
-‘ K(
Peak area (mAU*s)
g \8
L 1

£ 2004
2 1504 ¥

g

Peak area (mAU*s)
g 3

1 i

m

50 /W
0 0 . J L) L E o W T o T L T L | T e
"% uen:no- .«B.m, Add‘med 1 2 3 4 5 6 2 kS 5 6 7 8
thanol a 4 on Elution ti .
Elution volume (mL) “lution time (min)

Elution solvent

-* Phenanthrenol -+ 1-Phenanthrenol -+ Fluoren-3-ol

- 1-Naphthol -s- 1-Pyrenol -o- 2-Naphthol

JUN 2.30 Jadeiinadenisgaduvesiangadu (A) pH vesisazaneiedis; (B) Ysunadgady; (O

LANEINSUNISAN8LU; (D) ¥ina1sazatednsuaIedy; (F) Ysuimsansazaltgdnsunnedy wag (F)

LIANANNSUNITANEU  [34]

2.9 uAseTiieados

2.9.1 Facile and tunable fabrication of Fe;O4/graphene oxide nanocomposites
and their application in the magnetic solid-phase extraction of polycyclic aromatic
hydrocarbons from environmental water samples [6]

Qiang Han uazany laduasiziuiluneulndnszninsveyniaudianuaznsiuesnlyn
(Fe;04/Graphene oxide nanocomposites) ﬂszmumsé’qLﬂswﬁuaméﬁ’agﬂﬁ 2.31 TumsiAnufisen
a1fenIsiaUseseninseunaulundininuaznsitueanledwuuuwsanislni nsflusenlyd
(Graphene oxide) &11a5121lAa1n35v09 Hummers wazaynAUIlLLLLEN (Fe;04 nanoparticles)

duns1enlaanisues Massart lunsduasizieunaudangndauasiziiiuisnisanazneusiy
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1 FeCl, waz FeCl, iunhusaanlessu 150 mL thlutumufigamgil 50 esrmiwaldea uazvien
wasludey Juniuse Wunan 30 min ameldlulasiauuia swldndnsueifidunzneueonundn
pondethuazieniuea uasilueufigaumgd 60 ssmwadea Senisduasigvinaiiu Wiy NaNO,
war KMNO, Waslunsa H,50, Yuniunieldsnsinuds Mé’amﬂLﬁmﬂﬁﬁ'%maugiailﬁmfﬂﬂimmﬂ
looou yihujAzeviofigamail 98 ssmwaida Wua 15 min gavieidiu H,0, thlveuluias
leinsflusonledilundnsiud gavinadunsnzi Fes0y/Graphene oxide nanocomposites Usuusa
fufmesoumanTuindnlidulssguiniaensd Fe;0, innszaedilunsalunin andu i
Graphene oxide 71113 Ultrasonicating lutiiSsudesuds asluluansavansfisl Fes0, uazdu

muduan 5 Falue anturinliiiien 60 esAwaLTya

Ultrasonic dispersion
in water

caaan] e -

PHummer Method '}
e

Electrostatic

Expanded Graphite Graphite Oxide Grnphene Oxide Self-assembly " O,
v Massart method ’ Dlspcnmn in IM HNO, ' 56 1
-
M s ———
&
. “w ’
FeCl,*6H,0 and FeCl»4H,0

Fe,0, nanoparticles Surface posmvdy charged
Fe,0, nanoparticles

Fe,0,/GO

g‘dﬁ 2.84d ﬂizmumﬁﬁqmiwﬁi’a@ Fe;O4/graphene oxide nanocomposites [6]

Anwdnuwarnsneaimuesiaguilunexindn soimada TEM wansfaguil 232 a9nn1s
AW Fe;0, U3aws dnwamsinaudvuinegil 10 nm uay GO uiqnitsnuuzduusiuiiuiiinuue
Tng) levhiisaosnaiistasuiluaoulndanuindinisdanizveseynamanuluinizeg ULy
snaflueanled dsdu symawdnuilukeznifuesnlsdannsafuudsusmislifi uasfnu
TuneslwAmindu mnluniniuldinfanuilunouindningaduaisusznou PAHs wasiinisdny
anzimnzanvesiaguiluaeulndanuin 19UTuudgadu 40 me Usunsiaege 50 mL
VAEITUNITAATUAD 10 U kaskIaltlun1sAedy 3 il vilavesarsazatuateduas
acetonitrile/dichloromethane (4:1) USinasansaganganedu 2 mL iluAnwiussansamuesian
Tunsadanedlsadnoslnninlelnsaveu Tnglunismsaiaiomnagldsmiumaia HPLC-UV
Falrnduuszansanududunss (Regression coefficients) iy 0.983-0.999 Frdindninsgnly
115952937 0.09 to 0.19 ng mL™ sounlfins@nuituiieg1eass GeldafesaznsAundy e

[y

NN 76.8-101.2 % setutagiiaundulanunsaldidudiainaisiegnindoinisinszilaedns

iKY
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Ul 2.32 TEM 984 (A) GO, (B) Fes0y, (C) Fes04/GO. [6]

2.9.2 Ultrasound-assisted magnetic solid-phase extraction of PAHs and N-PAHSs
from water samples with a magnetic polyaniline modified graphene oxide [8]

Tusruiseilldhmsdaulaunndfnnsfiusenledwofes faulunoulndn dwsuldluns
afnsnoaynrvesudatindn uagldnd wdssaslunsatanedluadneslaninlalnsafueu
(Polycyclic aromatic hydrocarbons ,PAHs) Lag lutnsnnedlandneslsuidnlalasais veu
(Nitrated polycyclic aromatic hydrocarbons, N-PAHs) aaﬂmmf']ﬁ'aasm LAZVIINIIATIVINAQY
wadaufalasulonait-uiaaunlasued lunuddedlddunmgiounauluwivdndeisnig
annznousl Tneth FeCleaH,0 uaz FeClye6H,0 azantluthuseminlesou ﬁqm‘wqﬁ 60 BIALYA
Foa meldussenmeresiaides Wunan 1 93l nenansazateuanlanden oSy pH widy
10 flunudefigamad 90 ssmiwaioa gavnethluvilyiuisemeia Freeze-drying 11 eyana
walmdnunluitldumendu Graphene oxide finszangfaluth 1ily ultrasonic iWiunan 10 und i
Aniline monomer figaimdi 0-5 asmideaidea dunuduian 30 wiii uazidauesludeudeida
wiaadly Aulidunan 12 42lus figamail 0-5 saridiva sivlusiefients Freeze-dried 1nluga
Fuansuseneu PAHs wazansUszney N-PAHs #aiinns ﬁnmamwﬁ'mmzaﬂums@m%’umiﬂizﬂau
PAHs wazansUsznou N-PAHs wansisnsgadusaguil 2.33 nuirlunsgaduldusinausgady 2.5

a o

fiadnsu U3unsdaegne 20 Haddns narlunisgadu 15 uii laegld acetonitrile iWuansazane

o
A v v aa [ v

dmsunisenedu Usunas 150 Tulasans tonailuniseiedu 5 unil sauuisnisanaaseiewna

a a IS

YoaudanwauntdeIndudsnanazivszansain danullunisnsiaiaiia
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JUT 2.33 uansiSn3gady @13UTENBU PAHs UAY N-PAHS #8 Magnetic polyaniline modified

graphene oxide [8]

2.9.3 Graphene oxide modified magnetic polyamidoamide dendrimers based
magnetic solid phase extraction for sensitive measurement of polycyclic aromatic
hydrocarbons [7]

Yayan uaznase Idihmsaiisfangadunsifiueenlesfiuulssneuindnnedesilaediu
dmsuldgadunedlendnezlsundnlalasnisveulddnsa duaszioyninuimdnunludieis
ANRZNDUITIUIZTNIN AN FeCly6H,0 wag FeSO. TH,0 dutuseantessy dlutiuniu uazmen
sraueuluiiey dludununarliannudeu 80 swrmwaidua WWunan 30 Wi wldnzneuds way
ihleufigamgil 50 esrlwaided desdunsizvinodesiilaeiiusansvoynauimanuily
ounaivdnuilunszatedalweniuea ¥ uniuduiaan 30 uil 1Ay 3-aminopropyl
triethoxysilane #inavigdl 60 ssrnwaldea 1una1 7 9210 azldnedezdlaedu Go ¥ GO
nszaedluiumiuea Junaudune 30 wift wezven Methyl Acylate Ainszaredioglumiuea
thludumuiiguaiivies 1uian 7 $alwa shluvinliusks ezl wedesillaeiiu Go.5 11 GO.5 nszane
Fluwmusaiiluduniudunat 20 wift wazmen Ethylenediamine Junudunan 3 49lus iy
Fliursarld woderiodu 61 uwarluemisulald wederilaoiiv G2 Tnevhnismaaesdiluduusn
wisnoynakdivanuiluwaznedezilaeiiusiudunsifiusenles fin N-Hydroxysuccinimide
waznsusonles adlu waulidniu Wy 1-Ethyl-3-(3-dimethylaminopropylcarbodiimide ¥

nstuniuduian 1 93lus 7 0°C gavineldin MNPs@PAMAM-G2.0 finszanesaluansazaloluvuea

% I

wazyinstuniuluide feaumgiviesdunian 5 1w meldusserniauialulasiau gavineinJany

q

duasiilaluldlunisnmainusunn PAHs Tngnszuiumsduasizinaznsiadn PAHs uannagud
2.34
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on
NHy

= N,
poree "‘ s, weow Q%
0,
W 'ty o

MNPs@PAMAM-G2.0

— j
Elution Analysis e -
4 B | — T
. ], \‘ [ 4
i U . —F e
o5 ' —— L ST I ST T T Taar T
*** Analyte GC-MS Time

g‘lJ‘Vld 2.34 ﬂizuauﬂﬂiﬁ’QLﬂiﬂzﬁiuaﬂ Graphene oxide modified magnetic polyamidoamide

dendrimers kagnN15M5IATIZREISUITENBU PAHS [7]

ANwIANvaENIINIEAINVBITangadU Aleinalla TEM Wanindgui 2.35 wuirlugua
2.35(A) w@nds MNPs@PAMAM-G2.0@GO NUGNYMetUUMNUE SURARTNEN BAUILNIINBNNVBY

GO wagiinsineinvedouniaudmanuIlu Weileuiv U 2.35(8) wansdisdnuaignianieninges

[

MNPs@PAMAM-G2.0 wuksiayn1pnsinaulifiuius sureinsiiu deiuaguldinauisadunsien

[ a °o & =3 & ia o U 1 o v Ay i AL Ada
’J?IG]UWIUF’]E]@JIW?W}G']WQ "Lfﬂﬂﬂ‘t';l’]‘wu NIV NIEVBIIAANATU WU ’)ﬁ(”lﬂﬂ‘dUVl‘lﬂJN GO UNUNKA

4

NNl 42.914 m? ¢ muuaaﬂlmq

Y

'
o v a

winitu 26.158 m” ¢ waziiguiuianaadunil GO fiy

YY) o

GO ot ludiniunmliiuiangadu

E‘Uﬁ 2.35 71 TEM 984 (A) MNPs@PAMAM-G2.0@GO ez (B) MNPs@PAMAM-G2.0 [7]
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Anwaniiemunzauvesiangadu wannegy 2.36 ngldiuiudigadu 15 dadnfu lu
Megradn 80 Taddns Tdanlunisgadu 60 uri sllavesansazanglydmiumedusie Acetonitrile

Tlut3una 15 Jadans Tonanlunisaiedu 15 Wi pH vesansazatesiieg Wiz aums pH 7

100 100 B
B .1\!(,)1
N MCB
90 per
80 ANT
FLT
80 4 PYR
_— 46-DBT
(J —_~
< M1 = 60 -
P =
- o
g 60 S
g ) S
[ v / —a—CB é‘ 40
®-7-MQL
—A—9.MCB
40 o v DBT
- ANT
4 FLT 20 4
30 A —»—PYR
~@—4.6-DBT
20 T T T T T
5 s
10 15 20 25 30 Aet®  an ‘\gew“““‘e ‘\ce‘o“;.‘:“\mma\w xohexate
Adsorbent dosage (m n
d ent dosage (mg) Eluent
100 100
C ) )
B >
90
80
80 7
~_~ ~
S S0
£ 60 - [
o 2,500
g A ot
g < 1 —=—CB
& / :—Sl\’m. é 50 4 - 7-MQL
o« o —&—9-MCB
40 / ¥ DBT ¥ DBT
— 4 ANT 40 4 ANT
— 2 —4—FLT —4—FLT
j = _s—9 —»—PYR ~»-PYR
[ S @ 4,6-DBT 30 ~—@—4,6-DBT
20 T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20 6 8 10 12 14 16 18
Elution volume (mL) Elution time (min)
100 100
E & > F —&—CB
90 \ % > 1 —8—7-MQL
. —A—9-MCB
80 v DBT
80 A 49— ANT
—_ —<4—FLT
3 704 J X —>—PYR
e: § 60 - @—4,6-DBT
S 60 £
= 2
S S
@ 50 B
o —0—7MQL ; 404
—A—9.MCB
40 4 ¥ DBT
./ —4—ANT
. —4—FLT 20 4
30 PR
¥ ~@—46DBT
20
T T T T T T T T 0 T T T T
20 30 40 50 60 70 80 9 100 110 2 4 6 8 10 12
Adsorption time (min) pH

o

5U# 2.36 Tadeinarionsgaduvesiangadu (AUSuudigady; (B) sllnansazanedmiumedy; (C)
USumsansazargdmiumiedu; (D) natdmiunsaedy; (E) natdmiunismedy; (F) pH Y89
A138¥aNAI0E4 [7]
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uni 3

YUNDUNITANTUIIU

& = a = o ¢ a A Y] ¢
IUUWUQgﬂaqjﬂﬂiqﬂagLaﬂﬂLﬂﬂ’JﬂUQUﬂim d19LAd LLagﬂigUUUﬂqiﬂiﬂUﬂqﬁﬁ\?Lﬂiqﬁ‘vnﬁﬂ

s

9

ABURNABY (Fe;0,@PANI-PSS/PAMAM-QGO) Larisn15itasieiansusenau PAHs samalialas

WMNTMvewaIUTEAVTANAT WA UTEUUIRAINISIT oM

3.1 gunsnluazinsesiianldlunimeaas

Jnines — VAU
Naennen — unzide
WIASLAIANETT ~lalastn
nsYUsMINNAL ~ FOUANAT
wiestluniu — NSYUBNAI
YInUTUYSUINT

#3738 0a anlasluladines (Shimadzu UV-1800, Kyoto, Japan)

WisgInsudnesudunsnaUnlasinladiwes IRTracer-100 (Shimadzu, Kyoto, Japan)
\A3 0an 519 TALENTLTEANWNINTY (Rikagu smartlab, Japan) 14 Cuka (A= 0.15406 nm)
MTIINAILYL 20 T¥NIN of 5°- 80°

ndaaganssAudanmsouLUUdoeIU JEM-2010 model, JEOL Co., Ltd Japan
NADIYANIIAUDIANATOULUUABINTIN Hitachi S-4700, US)
wSeaUnnswmess@Snduuunsyanendanu IXRF systems, EDS2006 550i Analyzer
Angdan (Malvern, UK)

LA30TRAANLT LT LB TANLaNLUUEY Lake shore, 7403, USA
lasunlnnsiflveanalusedniaings seduszuuinainisiesuas (LC-20 series,
Shimadzu, Kyoto, Japan) Ama&a 3 C18 (4.6 mm x 150 mm x 5 um particle size, GL

Sciences, Japan) Aaltiun1saAeaN LC-18 (4.0 cm x 10 mm x 5 um particle size).
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A15199 3.1 @1sednttlunsnnasy

a5l gaslaana UnTieEn
Graphite Powder - Sigma-Aldrich
Sodium Nitrite NaNO3 Carlo Erba
Nitric acid NHO; Carlo Erba
Sulfuric acid 96 % H,SOq Carlo Erba
Potassium Permanganate KMNOyq4 Carlo Erba
Hydrogen Peroxide H,0, Merck KGaA
Hydrochloric acid HCL Carlo Erba
Ammonia Solution NH5 Carlo Erba
Sodium Chloride NaCl Carlo Erba
Ammonium Persulfate (APS) (NHg),S,0¢ Merck KGaA
Chloroform CHCl, Carlo Erba
Poly(amidoamine) dendrimer (PAMAM) Cra2H288N 58058 Sigma-Aldrich
Acetonitrile (HPLC grade) 99.5% CH:CN Sigma-Aldrich
Acenaphthene 99% CyoH1o Sigma-Aldrich
Phenanthrene 99% CiaH1g Sigma-Aldrich
Fluoranthene 98% CisH10 Siema-Aldrich
Pyrene 98% CiH10 Sigma-Aldrich
Poly(d-styrenesulfonic acid) sodium salt Mw  CgH/NaO3S Sigma-Aldrich
200,000 (PSS)

Aniline monomer CeHsNH, Siema-Aldrich
Iron (II) Chloride FeCl,-4H,0 Sigma-Aldrich
Iron (lll) Chloride FeCls.6H,0 Sigma-Aldrich
ammonia solution 30% (w/v) NH;OH Sigma-Aldrich
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1'%

3.3 MsdaATsinafaziausieiswaainalseduszniieignia (Interfacial Polymerization)

3.3.1 anududuvasansazane Poly(4-styrenesulfonic acid) fvanzanlunisdunsizi

nederiAugninaszideisnediwelsedussnieinna Usznaudeignieth (Aqueous
phase) kag¥aiafavazatsdunsy (Organic phase) Inslufgniauaisagzais Poly(d-
styrenesulfonic acid) (PSS) g nuaufivansazale Ammonium Persulfate (APS) luasazaiunsa
HCL Aandudu 1M Tunigitigniadvinaranedunid wisuanesdauveusweazasluasazane
aaalsnesy a1sazats Poly(d-styrenesulfonic acid (PSS) fimnudiudu 0-200 mM gninu@ny
anuananselunsnsznefivemedesdaulutgaat med 3.2 uanssamdmannududu (mm)

Aniline:APS:PSS Tunsduasigvinednsauy

A519% 3.2 WAAIIASIAIUANLLIUTUY (MM) Aniline:APS:PSS TunsduasizvnadazriaulneiSnad

LualiL%ﬁfjJuiSWi’lﬁgmﬂ (Interfacial Polymerization)

Usunsasausznaung q (ml)
As1dIUAIULTUTY AR T
di (@adluans) PSS 300 QAES 2 6 fndluang DI
&Y & A vii fadluans A, monomer in water
in 1 M HCL
CHCL,
1 10:5:0 0.00 10 30 90.00
2 10:5:3 1.00 10 30 89.00
3 10:5:5 1.67 10 30 88.37
4 10:5:10 3.33 10 30 86.67
5 10:5:20 6.67 10 30 83.33
6 10:5:50 16.67 10 30 73.33
7 10:5:100 33.33 10 30 56.67
8 10:5:200 66.67 10 30 23.33

3.3.2 Wgallananwalansazane PANI-PSS
= [ 6 ::l' o & [y o I (v I'4 1 a L
ANYILeNaN®AIYd PANI-PSS WNaYINANSEUTUAUANSLUNSABATIZN LY ATIIATILH

AINTTAANAULAY Usyuuiuin viyfleandu uazgushe lngldnaiadsmisied 3.3
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a A A Ya ¢ Y] ¢
MA1919N 3.3 LL?WNLﬂ5@@3JEJIUﬂ']{LGUWQ"i]UL@ﬂaﬂ'H§U

Instruments Characterization
UV-visible spectrophotometer 3Lﬂiwﬁﬁﬂmiamﬂ§uuad
Zeta potential WATIENUTEUUNUR?

'3 1

Fourier transform Infrared Spectroscopy, FT-R | iasngvingfifandu

AATINFUIN VUIAYDIDUNIA NITNTEAY
Transmission Electron Microscope, TEM

Y

#7

3.4 N15aATIZINIIN LNl YARBUALAN

3.4.1 Msdansigvinsiusanten

nsflueenledduasizinisdsnsvesduwe (Modified Hummer’s Method) 7
Usuusanszuaumsianioeslag Suandaensabild 5.0 ¢ lfewlunm 5.0 ¢ wasiunsadafiagn
Wt 96%v/v Usunns 250 mL Junaudunan 4 3lue meldnsveaduseiudsmaonian av
IWansazanedim Mntuivinumadeineuueniug 5.0 ¢ lnsinegheing wasduniundouvdedy
naeanan WWwaan 30 Wil agldasaraedhmasuiden wuhusasnleseudsuins 500 mL v
nstunuigamniesdeifunal 12 Falus nTuINTg Reflux w¥euduniufigamnil 90 - 98
areabea Lunan 6 920 uazidlfduiigaungiivies snduiuansazarslelnsiaudosoonled
Wadu 30% vy Usunes 50 mL wdendumu iefdnwesuuniundiuiuesn thaisazanefild
Tutluwissienmss 7000 seusiew?t Wuna 5 widt dremeneuauld pH wirfu 4 wazimgnou
TWouilgungil 60 ssmiwaidea gavineimzneudsfldluiiunszuIuns Exfoliation tievane
USIIULABINMTEIINEUN T INdean lwans an1sasnuEunIlndoenlen i AN uu1e wagayle

a [ & & =) 3
nann g luansazatensilueanlan

3.4.2. Msdaasizinsfusanludalouiunandaedsmaaiisuduaaululasim
nilusenlunnlpuiunenduaszimeIsmaaiilaglduiazeeandindusiuiunis
Tinsaneldnisiaudeulasldndululasin Anevifulsiidmananisdunsiet Wusnsiau
ANMNNTUTENINNNTATaT S nuaznsalunsn Anududureslalasiauiveseenlaa 1ianlunis

FuA5129 waziasiwdrveslulasiaw

3.4.2.1 ANYI9NSIEIUAMULTUTUVRINTAIUATN
A1SNAADINBUTILYIINITANEITATIAIUAMUTUTUTENININTATaRS NeansalunSn

Ao 1,2, 3, 4 laglua Tun1sdaasie Juusn Fensueenlas 0.050 ¢ RNEINAU 50 mL wagild
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Tgdaduiduan 30 w17 wastin H,50, MAnududu 1 Tuans Wy HNOs Amnududunneg way
dnilalasian Ineldidalda 450 Sad Wuwnan 10 w1 lesldsnsidruusuinsansiadnldlunns

duns1eat agulenamsnei 3.4

AN5199 3.4 ANIANULIUTUVBINTALURSN TUNITAWATIEINIAUABUAUADY

Y. YsunsasAusEnausng ¢ (mL)
.. | anududunse —
a1y GO #16un1s | 10 MH,SO, | 10 M HNO; H,0
HNO; (Tnalua)
Exfoliation

1 1 50 10 10 30

2 2 50 10 20 20

3 3 50 10 30 10

4 a4 50 10 40 0

Unansaza1e N laausu pH Mea1sazaty 10 M NaOH tielilaan pH Useuiel 6-7
ntuihasaraleiduaTgilaluiaainsaaniunasnien3es UV-visible spectrophotometer

1uﬁzi’aammmm§u 200-1000 U1 luLupS

3.4.2.2 AnwAnutnduveslalasiaulasaanlyn

nsAnweuLdure sansaranglslasiaueseanted lnefnwifianududu 0.33
0.98 uay 1.63 Inelaa lunsdunsied Juusn Fansailusonles 0.050 ¢ Wutndu 50 mL wazahly
Todadudunan 30 udl wazifin H,S0, : HNOs : H,0, fishstdaudinneg e 1:4:0.33, 1:4:0.98,
1:4:1.63 Tnoana anvuldadulalasiuiiddsln 450 o Wunan 10 wiit Tegldensanlsunns

asnlinldlunisdunsigi aguldnemisni 3.5

A5199 3.5 ANUNTUYRIlalasuaspanlyn TunSELATIETNSIUARUSLAEN

Usunsaenusznauniee (mL)
deu | dasdwenadudy | GO | 17TM | 14M | 30% v | HO
H,504:HNO4:H,0, n19 H,SO,4 HNO;3 H,0,
(Inalua) Exfoliation
1 1:4:0.33 50 5.56 27.70 3.3 13.44
2 1:4:0.98 50 5.56 27.70 10 6.73
3 1:4:1.63 50 556 27.70 16.7 0.04
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a1sazarelauuiu pH Awansazais 10 M NaOH welilaan pH Uszual 6-7
NTuATAEa1eNduATERla lUTAAINIIRANAULAIIBLAT B9 UV-visible spectrophotometer

1uﬁzhammm’m?m 200-1000 WluLumS

3.4.2.3 Anwnaaniildlunmsdansizinslusenledalandunen

nsneaesneuiiazinnsAnnarlunsdunssinsiusenlusaensdunon dan
silueenlas 0.050 ¢ Wintndu 50 mL wazthluTedndudunan 30 wift waziiisl H,SO, : HNO; :
H,0, Tisasndnfisnag fie 1:4:0.33, 1:4:0.98, 1:4:1.63 lnelua ntalmdulalasmndsdsla 450
S0 Tneldaandisines Al 5, 10 way 15 wiit enturhansazarefildunusu pH feasazans10 M
NaOH iialsilde pH Uszanm 6-7 9ntuthansaraefiduassildluindnisgandunasendos

UV-visible spectrophotometer1uﬁzi’sﬁmmmm§u 200-1000 U1l uLuM

3.4.2.4 Anwanmasinivaslulasianlunsduasizinsitusenlannlroununan

Fansflueenles 0.050 ¢ Wutngu 50 mL washluledndudunan 30 wift uay
Wl H,SOq : HNOs : H,0, 7i8msdaudisineg fe 1:4:0.33, 1:4:0.98, 1:4:1.63 Inelua antuliadu
Tulasinfimdsluengg fie 200, 450 wag 600 Sad 1Wuiaan 10 uadi N EsazanelaUTy
oH #aeEnsazats 10 M NaOH iiel#lden pH Uszanas 6-7 snnthuhensazanefidaasizailaldSnen

NIAANAUKANAI8IATEY UV-visible spectrophotometer Tugasaauemadin 200-1000 wluins

3.4.3 Nigadenanealvasniiuesanleduaznitiusanlanalsuniunem

RINFUATIEN GO wae QGO Beufeuias laianundnsgiienansalianizaigg laun
AnagAnAuLas ngilsiiuuniiuin Ysvuuitui wayias1eisudng ¥ad GO wag QGO Femala
Fam3il 3.6

L3 (% L3

AN5199 3.6 hangLAsasilalunsltfaationanwains Wueanten waznsfusanlenmaunsunen

Y

Instruments Characterization

UV-visible spectrophotometer AATIEVAINITAANAULES

Fourier transform Infrared Spectroscopy, FT- | _ PR
AATIEnglandu

IR

Zeta potential TATIENUTEUUNURD

Transmission Electron Microscope, TEM "TJmeﬁg‘tJi'N YUINVBIBYANIA ANTATLANYH
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3.5 NsAaATIERaUNALIWANUITY

pymauimdnuilugndanszidieiinisnagnousan Suusnds FeClaH,0 $1uau 1.13 ¢
uay FeClu6H,0 91U 3.03 g thwasufsnauazargluiusaainlossut3uing 100 mL wiewvis
dumudunan 1 $9lus wiouisinnufouilgamnl 60 esawaidea aanduiis 30 %w/v NHLOH
U311n3 10 mL Jumusieiflesfigamgil 90 ssrwaidea meldufalulnsiau Wuna 1 §2lus
Ianansusinznoudsveads nsosazdnmeneudeuiusaanloseuauldai pH Uszuna 4-5
wazihmznouii iy Freeze Drying vt ovinlwui szlandndmsioyniauiinanuilu Fe,0q Al

va ) 1 [
ﬂmﬁNU@ﬂUWNLUULLNmaﬂ

3.5.1 Wgaliananwalvasaumawimanuily

LeNaNYUDIUNALIIENUIIY Fes0, gNATITdeUAMEN M urllstuuuiuiives

N

o)

1 [y o = wa & 1 < v a o i
a0 wazguswvesiagadu suuluisnaantinuduwiman Iagldnatinfamisnm 3.7

a a a va ¢ ) ¢ 2
A1919N 3.7 LL?WNLﬂ5@\‘11]BIUﬂq{LSUWEJQUL@ﬂaﬂUm@HﬂWWLLlJL‘Waﬂu’ﬂ,u

Instruments Characterization

Field Emission Scanning Electron Microscope, ’?Lﬂi’lzﬁzﬂﬁ"m YUINUBIDUANIA AT

FESEM NSLNYAD

Fourier transform Infrared Spectroscopy, FT-IR "3Lﬂiﬂzﬁﬁ%ﬂﬂﬁﬁuuuﬁuﬁwaﬁaﬂ

A1AT1215UT 19 UIATDI0UNIA NS

Transmission Electron Microscope, TEM ¢
NITINYURN

Vibrating-sample magnetometer, VSM WeszinaautRnuduwiman

3.6 daAszidangaduntdmannedasiiunaunadosilaeduweulawausuusediensaily
aanlynnlauAunen (PANI-PAMAM-GOQ@Fe;0;,)
Tanaaduuiinannedosddunaunedosdlaeduinulauausuuisalsnsifluoenled
AUANADY (PANI-PAMAM-GOQ@Fe;0,) LaNda15azant Polyaniline-Poly(4-styrenesulfonic acid
fUSU pH Wiy 7 USums 7.10 3addns Anududu 0.37 %w/v iinasazatenedesdlaediy
AT 2 %wA USums 0.375 fiaddans wiouduniu 1Wuian 30 wnii Tuiifle 1dunsily
ponledaiaudunen 0.06 %w/iv Usuns 7.5 faddns uazusudiuasdeiiusaanleseulyils
U3ums 15 faddns Junawse WWunan 10 wnit Weldansis 3 \AaufATenegisauysal wag 4
aynAwmdnuiluyiun 20 dadnsy Wnasluaisazate wedssldunaunedoziilaedunulaw

o

auaznslueanlednlsudunen uazldisnis Ultrasonication tluvian 30 uiil ielldtangady
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1 13 a aa a a =] o 1% = 3 (Y o Y Y
wiiwdnnedeslaunaunedosiilaeliunulaweusulgssiunslusenledniouiunen vinlnum

e Freeze Drying WasAnwienanuaivasian

3.6.1 Anwdnmduanududuivansanlunsiufizenssuinmedesdauuaswedasila
Lodiu

Anvarududuvomeaszilaeiiy firnududusiieg fo 0.01, 0.03 uay 0.05 %w/v T4

W3 LAy Polyaniline-Poly(d-styrenesulfonic acid A0t TUTU 0.37 %w/v pH 7i1AU 7 USu1as

7.10 faddns Wuvnederdlaefiuainududu 2 %wa fiUsuas 0.075, 0.225 waz 0.375 fadadns

ey LN lAld 15 faddns ndsanidudilutaainisgandunasdasing e Uv-visible

spectrophotometer1u583ﬂm’m&1’1’m?1'u 200-1000 nm

o/ 1

3.6.2 Wgaiananualvasiagaaduidnaadusininnadoziaunsunafosilaeivaulaw
auSuusaiaensiusanlunnlaudunem
Tanaadundinannedezifunaunsdozilaeduwaulmueusulsaniensifiusanlad
AIDUANABY NUNLNANIAINITRANGURAS USeRUUNURT miTleddy wazgusmwesiagadu sauly
= va < 1 [ ¥ a o =i
f9 AauautAnuuusivgn ngldmatingnisem 3.8

q

M19197 3.8 uanaesestialunisluiigatienanual

Instruments Characterization

Field Emission Scanning Electron Microscope, ’3Lﬂiw‘vf§hﬂ§’m UINVBIBUNIA NIT

FESEM NI
UV-visible spectrophotometer WATIVAINITAANTULES
Zeta potential 1ATILVUTEUUNLRI

Fourier transform Infrared Spectroscopy, FT-IR "3m'§wﬁmyjﬂqﬁﬁu

AATIENADUTUIT I YUIAVBIOUAIA N3

Transmission Electron Microscope, TEM o
N3LIURNT

Vibrating-sample magnetometer, VSM WpTeinautinuduliugn
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3.7 Anwran1azil unzauvesdaggadudmiunisgadunasaiedunaileadneslsuiin
lalasasuau
nsfnwranneiimnzanlunsgadulnaleadnezlsnndnlalnsaniveulagliiangady
Sangaduusimannederdaunaunodesilaedunulaweusulgwnensiiusenladaousunon 7
Aups1eaitu Suusnadrensmanasgiuluasaadudu 10-1000 lulasnduredng et wuaane
ﬁ'uﬁuﬁa LG]%EJaJmimmgm Acenaphthene, Phenanthrene, Fluoranthene, Pyrene ﬁlmml,%’u%’u
A4 wamﬁ’ué’aam%’uﬁmﬁﬂ 10 findn3u Tnwararelutiusmanleseut3unms 10 fadans il
wendunan 30 i ndulfauuwimnaisusngaiigeduliuasnaisazagonn Win
Acetonitrile U3unms 10 fadans Wevziegavenaindageadu Tianlunisve 30 Wil gavheild
ayvfamenaduduansuszneu PAHs fiadnldshemadialasunlnnsflusanaiussansnmgs sio

AUTEUUINAINITHIIAAZIINNITAS1NIININATFIY

3.7.1 ﬁnm'ﬂ%mm%aeéf'ag]ﬂsi‘j'uﬁmmzamawaﬂwaﬂiﬁuﬁé
ﬁwwﬂ%mmé’aam%’uﬁmwsam Imaﬁﬂmﬁﬁmﬁﬂﬁhm fia 5, 7.5, 10, 12,5 Jadn3u Jumou
ANINAADY m‘%‘aumsmmgm Acenaphthene, Phenanthrene, Fluoranthene, Pyrene ﬁmmvﬁjllsflju
500 lalasnsusiedng Uiunarsazangldvinguaunusuins 10 daddns Lﬁuﬁaam%’uﬁﬁéﬂwﬁﬂﬁwq
nnduihldgnduaan 30 wi mﬂﬁguslsifaumLL;J'mé‘ﬂmsJuaﬂ@ﬂﬁaﬂmﬁi’uﬁuazmmsazmaaaﬂ
Al Acetonitrile 10 fadans tiavziedveenandagady Tnailumsey 30 wiit gavinetly
arvfamanaduduansusznau PAHs Mafaldshemadalasnlnnsflveavaiussansnmga so

AUTTUUINAINSES DILES

3.7.2 Anwainuzaud1nsunisanedyu (Desorption)

Anwaimunzaudinsunisaedulaglaviinisfinwviiaianee fe 5, 10, 15, 20 way 30

(%
v

U TURDUNITNAADS m?smmimmgm Acenaphthene, Phenanthrene, Fluoranthene, Pyrene

Aauduty 500 lulasnsusedns Yweaisazaneldvingusuyusuins 10 daddns Wudigadu

Y o

USunas 10 fadnsu wazthluwgnlunan 30 wiil anuuldauuwivinaieusngadiigaduliuas

U

[V
v

Wasazangean i Acetonitrile 10 faddns Wisvediogveananmnndy iluwg18nasana

#1199 mundng gavethlunsiaiamenududuansusenay PAHs Nadalasiginailn HPLC-FD
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3.7.3 AnwIaINseAduNNzaNYRIETuANYIUNTE1T

Anwnanmunzaudmiunisgeadulaglavinnisfinuiniiiaisinge @e 5, 10, 15, 20 wag 30

[
[

U TUABUNITNAADY m‘%aumimmg’m Acenaphthene, Phenanthrene, Fluoranthene, Pyrene

Y o

Aeuduty 500 lulasnsusedns Yiunaisazaldvingusunusunns 10 daddns Wudigad

o

USunas 10 fiadnfu wazihluwegnioansingg auifne) anuuldauuwivinaieuengadigadu

U

[
[

Liuavinansavaeeen iy Acetonitrile 10 faddns Wevediogtoanandigadu inluwednase
Wwnan 30 widl gavneiildasaiameanududuaisusznou PAHs fadaldsiamadalasuiinn

sveuvaIUsEAVEAINEY ofiusruuInAINISITaIuAS

3.7.4 Anwrvdinvesasazanefilddmiunisaiedu
ANwTHAYeIA1sAYaY A Acetonitrile (ACN), Methanol (MeOH), Acetone (ACT) way
Ethanol (EtOH) Sz]’yu FOUNIINARDT LAS BUFITUIN 757U Acenaphthene, Phenanthrene,
Fluoranthene, Pyrene fiannandiudiu 500 lalasnsusedns Ynasavareldvinguansuianns 10

a a v o

faddns iudnaduusuin 10 fiadnsu uazirldwdniuian 10 wiit anduldaunudngn
meuengaiagaduliuezimansazanseen WA sazanedilidmsunsaeduuiangs 10 faddns
Wiereieghsoanandigady tiluiwegndnaduunad 30 wiit anvetinlunsatamanududy
a15Uszneu PAHs flarinldmeinadalasuilnnsiifivesvaiussansamgs sefuszuuindinisies

bbeiN

3.7.5 AnwUiuansiavinazanefiviunzaueaasazanen1sAnesu
AnwmuSuaues Acetonitrile ﬁi%’ﬁ'm%’umwzéhasmaaﬂmﬂéf’aame?fu TneRnwiivsunns
3,5, 10 way 15 Nadans AU INAADY LA3YUAITUINTFIU Acenaphthene, Phenanthrene,
Fluoranthene, Pyrene fiauidiudiu 500 lulasnsusedns Ynasavareldvinguunsuiunns 10

a v o

fiaddns Wudigeduliuim 10 Tadnsu wazirlvwegnluman 10 wii anuuldauiuuwdvan

o

AMeuangaiigadulilazmalsazatgeen W Acetonitrile suUSumsnAny tlivg1dnasen

1981 30 W gavnenlunsaaianianududuansusenau PAHs adalamematialasuiinnsii

VBANAIUTEANTA NG Ao usTUUIAAINITITOILE

3.7.6 AnwrU3unnsinegnsfimunzaudmiunisnsiaia
AnwrU3u1nsiieg19d s unIs3iAsingIate Tnadnwfiu3uins 10, 20, 40 waz 60
fa8a05 TUADUNITNAADY W3 EUAITUINTFIY Acenaphthene, Phenanthrene, Fluoranthene,
Pyrene fiannandutu 500 lulasn3usodns Dimansazansldvinguossmuuiunasidnu tild

wendwan 10 uit anduldaunudimannsuenaadinedulimarsazaadiogsesn Wi
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Acetonitrile U315 5 fadans nluiug1dnaseiitaan 30 il gavineinlunsiainmainududu
a13Usenou PAHs fiadnalamewmatialasunlnnsflveavaidsednsnings dedussuuinAinisises
TN

¥
o

3.8 MsAnwUsEansnmuazauIdnuAIzvesTangaduduAs Ty

TuAnwiussansamlunsieneivesfangaduiidunsieitu axvhnisinudssdnsam
199 919 TAI1AN1TMTI97A (Limit of detection, LOD) Uszd@nSarwlunisada (Enrichment
factor, EF) SegaznisAunaulunisana (Extraction recoveries, ER%) mmﬁm (Relative standard
deviation, %RSD) wazALa1Lnsalun1slden (Recyclability) dmsutunsunisnaass vlasiun

a % o

asaranefieg19vesansusenau PAHs Tdvinguruiiusuins 10 faddns wudigaduusunm 10 mg

d
wazihluwgnfuna 10 wiit Pnduldmnuimdnnsuengaigeduliansazansiessoen
sl Acetonitrile Usuams 5 fiaddns diluiwg dnadafivngn 30 uil anduldauuusindnnisuen
anignduliuazimansazatuaen Lin Acetonitrile Usuans 5 faddns wiluiwgrdnadsiiinat 30
ui gavneiluanaiinsziniansdudy PAHs fadaldsaomaialasuilnnsflvoan
UszAnSaings defuszutinAinsiiesuas Jallaniizfmangauves HPLC-FD. dmsuiiasie

a15U5¢N8aU PAHs 5188210 8ARILEASLUAITIIN 3.9

AN5199 3.9 anenldlunisiesginusununedleadnazlsuifnlalasaisusunanalaniemnaiia

watlalasulnnsflveuna1useansnmngesniussuuTnmInsise e

fauus dnasiden
ARANY C 18 - Reversed-phase
I HHELEH 25 pafiBuaLgya
Lﬂ%;a\‘im'af\]"i’ﬂ Fluorescence
wWaLARoaud Acetonitrile/water
badl C 18 - Reversed-phase
ansn1sina 1.2 mL
VIR LNV 0-28 min
Usumsansiian 25 ul/min
Gradient conditions Volume
Volume
Time (min) Acetonitrile
Water (%)
(%)
0.0 50 50
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fawus annaziliden
16.00 100 0
19.00 100 0
19.10 50 50
28 50 50
A2 ue1uAE udt g lun1sAan 1y Wavelengths (nm)
Compound
d15U5enau PAHs Excitation Emission
Acenaphthene 280 360
Phenanthrene 250 360
Fluoranthene 250 400
Pyrene 250 400

3.8.1 AnwrAnududunse (Linearity)
m?aumiasmwmsgmmaamﬁﬂizﬂau PAHs 4 ¥1im Ag Acenaphthene, Phenanthrene,
Fluoranthene waz Pyrene fiaanuidudu 10, 25, 50, 100, 250, 500 waz. 1000 lilasnsusedns lny
Foananasazanvadendudu 5000 lulasniusedns andusidiunsaatuneunisnnans uay
ihefluitldnsulildnnnameaosiinnududurngg vasesinnsgiu wmasunsainsgiu lag

X Heg v [ 1 Y Y aa ¥ S o 1o £ v a
LNU Yy Nunlansan wazhau X LUuﬂ’]ﬂ’ﬂiJL‘U@J"UUV]’JLﬂi’]BM“lﬂ PnUUATAFUUSEANSNSAnaule
(R%)

3.8.2 ANWIVYATINALUNIM52390 (Limit of detection, LOD)

Anw1dndnanlun1smsiain (Limit of detection, LOD) ¥11N15ASIANIAIAINULTUTUYB
a135U5¥nau PAHs lagt@3guansaganslinigIuuedansusenau PAHs 4 willa Ao Acenaphthene,
Phenanthrene, Fluoranthene kag Pyrene ﬁlﬂ’mm‘ﬂjwuyu 10, 25, 50, 100, 250, 500 wag 1000
lulasn3usiodns Inatdeansanansazaneafondudu 5000 lulasniusedns wavihaiuildns wi
laannisneasslunisman arewallalasuilnnsilveamvatysednsanawenuszuuindinig
Fosuas Tngsinnsneaaosianun 3 91 mﬂfuﬁwmmmLﬁ'mwummgmﬁummmL%u%’u PAHSs La

P luma@neTndnntunisnsiain (Limit of detection, LOD) Tneuialassaunis 3.1

LOD= y,+3Sg (3.1)
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3.8.3 Auaunsalunsitdn (Recyclability)
anma1susznau PAHs wiazydn NAnutudy 100 tulasnsusadns 91ntuatun1sanudunsy
ANSNABDILATATIVTANIAMUTUTUVDIA15UTENDU PAHs Aanalaslemaila wmalla inadalas

¥ ¥ o

WINNFAVBUNAIUTEANTANGS sofuTeUUInAINITTaMaY asaadunldua avthuiinisania

5

wardATIeasUsEnay PAHs udavvilalmilagldaisaaduiiu laglinsigvgndudiuiu 10 ase
wazUsziliuan1sing1laanna1sesazvesdi1ud 89 uuNIns§IUdUNUS (Relative Standard

Deviation; %RSD) AuIalaneaunis 3.2
RSD (%)= -S)](-)x 100 (3.2)

a 1 ! ~ o ‘el |6
o RSD = AdsudosuunnsgIuduivs
X = fnaduveyntoya

SD = AAUUBULINRTEIUVDIYATRYA

3.8.4 Uszansawlunisana (Enrichment factor, EF)
Igdmsulssdivdsgdnsamlumsaaduresianitansagadulstiussansammseld Faus

azdanaziaf ldiviiouiulagasiuagfulsuaiieg19nInnIwsiziwasUsuinsasazale A edu

Y

9
o
v ) Y Il

anvedildlunnsasiaaeuindnisgaydesiegialduusigedunselyl amnsadwinldainaunisi 3.3

o

Vs
EF = —X R% (32.3)
Ve
18 Vs = USHNeusinegns
Ve = YSuaiansaediu

R% = ANNNSAUNAU

3.8.5 AMNISAUNAUYBINT58NA (Extraction recoveries, ER%)

lAnwianugnaadlunsnIsusiteguazUssaninmlunisannansiiegs A1 ER% uen
feUsgdninmmsaininaunseaiaaiseenandgaduseninvaavsell Feaunsamuwialaain

AUNNSN 3.4

C x V.
ERY% = —mal = °s + R, (3.4)
Cinitial X Ve
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dlo V. = Uunaseta
Ve = YFunalansmiedu
Critiat= AU S UGY
Crral = AT UTIENLTORTI0 TR L

R% = ANNNSAUNAU

3.8.6 AU UNITVRITENAATU
AU TINIEUBY Fes;0,@PANI-PSS/PAMAM-QGO Tun1saadua1susenayu PAHs

(Acenaphthene Phenanthrene Fluoranthene i.a% Pyrene) annsafanldInaunsT 3.5
Q, = [(Cy - C) x VI/M (3.5

Ty Q, Ao Visnnumes PAHs igngaduuuiiuivesiagedy uilunfiudefiadniusiagadu)
C, fo amuntuSudiy 909 PAHs (uluniusediadans)
Ce AID ANULTNTRANARYRY PAHS Tuansasany (Wlunsuseliadans)
vV fio Uhinesiegnad

A go’ C% £Y (2 a a U/
M A8 UmUNUaIiInagy (Haan3u)
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undl 4
NAN1598 HaznN15anUsIena

v
=

nuITeililunsfnwnisduaeidigadunedesiaunaunedosilaeiulsuugeiaeg
ns fusenledmisudunenuazeyniamanuily (Fes;0,@PANI-PSS/PAMAM-QGO) A2835n1514
LAl ay19918 235 Usznauaae (1) Layer-by-Layer deposition technique thag (2) Ultrasonic

assisted co-precipitation method N3¥UIUNTANBATILVUAAIRIFUN 4.1

FUBUUNSAUATIEN
1. duA91%9 Polyaniline-Poly(d-styrenesulfonic acid): PANI-PSS aq835n1swediualsigdu

581191 0NA kazdanuaalsenou (Composite material) W84 PANI-PSS/PAMAM A2

a

wadla Layer-by-Layer deposition technique a1eldnisiindunsisernsluihaing (5u
4.1 A1)

2. duamizsiianusissenay PANI-PSS/PAMAM Uy ne1ilusenledreuniunen (QGO) (3Uf
4.1 A2) saenaila Layer-by-Layer deposition technique aglansifinsunsnssnn1sasng
Wuszlalasiau (H bonding)

3. dupsziianuasussnau PANI-PSS/PAMAM-QGO kavounawiinanuitu (Fes0,) ¢eds
Ultrasonic assisted co-precipitation method (g‘dﬁ 4.1 A3) nwlanisiindunsnsennis
aoiusylnganiunlaiiaud (Coordinate covalent) sgvinaganenganglulasiasiaven

= 3 Y =3 3 1 <
3’]‘1/\|UEJEJﬂ1‘U®ﬂ’JEJNG]3J@EJV]LLEWLﬁaﬂiuaﬂﬂﬂigﬂallsﬂaﬂ@k!ﬂ’lﬂLLlIL‘VTaﬂ‘Ll’IIU

AeillandnduanTanudsUsenavvesiangadunefesdiunaunefesillaediuuiuus

mensiluesnludnisuiunavkazsauMamaninly (Fe;0,@PANI-PSS/PAMAM-QGO) dnsuldluy

=®f o

n1sannansUsznau PAHs Tuuvaaud legansusenaudiegne PAHs aiinuisnsgadudaduiu

Fanaaduulumeiuse - nuazaiusaseniangaduwiluudinaniifiaisuszneu PAHs 8adued

el

Y | H o ] ‘:4' S vy ova = N
@@ﬂf\]’]ﬂ(ﬂ?@ﬂqﬂu’ﬂfﬂﬂﬂqﬂﬂaur]llLLlIL‘Vmﬂﬂqﬂu@ﬂ (sUn 4.1 Ad) u@ﬂ"\]']ﬂuLLa'ﬂ@NﬂqiﬂﬂHWaﬂng‘ﬂ

Y

[y

wizausingg lunisdaaseiianaedu anneiwunvaslunisaiaaisusenau PAHs laglddanan

Fu suluiansfnymuseansnmuazaudnuase s
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O, _NH n

" NHy
4’\/\“/\,\1

| sl o \Sa is e
A— BN o—E' Q 0 ry\,N\/\fo

y H
# H . L

ittl:::;d 'l:::ier el WN<"Ngi"0 \N-rh Stirred under dark  Ultrasonic-assisted
i # oy atmosphere co-precipitation technique

30 min :

. n 10 min
n L

0

§ e 0 &

PAHs

Dispersion of Fe;04@PANI-PSS/PAMAM-QGO into PAHs sample
(Left) before
(Right) after magnetic separation

U 4.1 (A1-A3) nsvUIUMIHATIE TANRATUWIMEAN Fe;0,@PANI-PSS/PAMAM-QGO Ua (Ad) NS¥UIUNIREY
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4.1 Anwin1sdaasizvinadazidaudleiFnrsnadualswdusznineigaia (Interfacial
Polymerization)

TusAdeladuasisinedeziau (PANI) saedsn1snediuslssduszninednnia (Interfacial
Polymerization) dslunisnaasaviinisiniouansazaneiavun 2 wa Aoluduti (Aqueous phase)
Usznaun1uasarane Poly(d-styrenesulfonic acid (PSS) AL uT W 10 dadluans waudu
a158za18 Ammonium Persulfate (APS) 5mM Tiazanglunsnlelasasedn 1 Tuans waziuseann
losou warduvesiivharaiedunsd (Oreanic phase) Usznausisesiauneuswenududu 10
fodluans fazarsluarsazarvaaclsvlesy lnsufasonsfianediuelsedussnineignia

[

(Interfacial Polymerization) anansagauwunls 3 9u 63fl

AUl 1: (GuUFATET (nitiation): FMEHUATGE (nitiato) Tun1sveaesilfe wesluioue
auls (Ammonium persulfate, APS) & swimtindiiduanseandlad (Oxidizing agent) Tng APS Tu

anneidunsn asinn1suanlit S,05% TneuandnsauniIsaia (4.1)
(NH4)25208 (aqg) + HCl (aq) = 2NH4+ (ag) + 520827 @g) + H+(aq) + CU (ag) (4.1)

Jui 2: sanTAtU azldu (Aniline Oxidation) : S,05% Initiator agviuiflueendladey
fAunouoe (CHsNH,) Wagluguues CHNH,™ winidudinanslunszuiunisnedwelsiedu

solU Jauansuisennsaun1saiii (4.2)

CoHsNHy ag) + S208” (ag) — CeHsNH2™ () + SO4™ (a) + SO4 () 4.2)

¥ ]
v A

YUl 3: wodAalswdu (Polymerization) : CoHsNH,™ azinweodiuslswduruujisen

a o 1A Y a o & a aa aaa A a X o azi
DONYLATVUADLUBD ﬁ]giﬂma@ﬂm‘m NoaTUAU IﬂﬂﬂaﬂifﬂmLﬂ@SUULLaﬂQWQE‘UV] 4.2
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O-

I-Z-T

i H H
R I\I<|-+ -~ —r:j+
H* H H
1 2

. o " "
e [ttt 5 { R oy
H H H

...H’
H H Rearrangement H H
OO = O--OA
H
= 2e-
Oy e OO
- . —) -
Q_-N'r iy S o+ b
H
Rearrangement l+
Polymer

JUT 4.2 nszniunisiianefiuelsigtuvesnedeyiay [35]

MnnsAnsInUIeaezday Adasierlduanaudilunisnssaiedalui (Aqueous
phase) #1 mATeiadldesnuuunmsiindunsisolnivemedsz iy idunssldTuasneasidn
Inslaviafiause (Strong polyelectrolyte) Aig Poly(d-styrenesulfonic acid) (PSS) Wiun1sneaiuals
wiusEninedgaia (Interfacial Polymerization) lnglasasiananves PSS ailusenaumeUszaau
Yasgallium (-SO,%) s?fﬂmmmLﬁmﬂﬁﬁ%mﬁ’wizf\;mmm (=NH,") wedoriaunglanisiinouns
Asvmslvihatnddwmaliminasusenau Polyaniline-Poly(d-styrenesulfonic acid): PANI-PSS @19

wamslugud 4.3
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Aqueous phase

*?6' ?
0: o

Organic phase NH2'

(Chloroform) NH2 NH2
NI i f

NH2 +o

PRAE

JUN 4.3 uanannsiinufisemedmelswtuiuuseningigaa dnsunmsduasizvinedeviay

4.1.1 MSANIANUTNTUVDS Poly(d-styrenesulfonic acid) Mwsnzaulunisdansizi

PANI-PSS fing35nadwalsnetusznineingnin

a

nsiiauisenedualnatuves Polyaniline (PAND finTuiiuIisenineinnaty

a6 =

i wardusaraiedunid 9 Poly(4-styrenesulfonic acid) (PSS) az¥inlit PANI nsyanesiegly
Furld Te PANI azdaime iy PSS iuussdnnizdetszansinil iAaduansusenou PANIPSS
dwaliasazanetuiniudiden Uil 4.0a sgdulindelifimadu PSS adly asavaisarla
F9 PANI fifintu lalanunsonszanedogluduinld iadunzneuassagfissnineignia wagiilov
mMsiarnsganduuas nuitlivnngaunesunisgandunases PANIPSS usifloifiuanuidudy
99 PSS gy dwaliiAnn1snszaiefaves Polyaniline Tudutilétu duwalviansazansidowdy
767 uaziledadnsganauuas sswumuvLsaUnAuNIgANGULAS 3 fumids Ae 360, 430 uaz
780 wiluiuns Inefnninniaiudsussdudundsnuan - vedidnaseulunsuudu mateleu

=

a a 1 a . . o W ¢
dlanmseuwes Polaron-m agnsanglaudlanaseuues n-Polaron 1u3ﬁLL‘1ﬁ’3u Quinoid A1UaINY 24

'
a

ABAMANYUENANYDY PANI flau1vN15ANwIdugIuINeIves PANI-PSS Adewmaila TEM fagy

4.48 Fauansliiutisoyniaves PANI Insfuuineyniauszuias 600-800 urluluns
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1.0 > 23 B . il
" = , ~ fy ik 3
- ; - W'. - N ¥
- L A
2~ ~ ; AP '.\4-' -~ - -
’ ~ e &~ . E . Ty WY 2 W,
L4 Ss — A Fadd (%, o ':)' P
o > R

e
o

0.2

1
:

450 550 650 750 850 950
Wavelength (nm)

w
&

1
-
~ » - - “ﬂ
0.8 f SO g8 | %% Yl-{'v e PR
X - g Lol Y .k- e A |
s TS e=emccaa.. DR R & W ool Lk
! ] & LRI o ,:“.’ -
1.0 —0mM . Y ., P, 8 e >
E 0.6 ! —3imM J J sl "“.-" -
e ! SmM N S . ¥
- - s
~ I 0.8 A —10mM R - gt o #- Caop 4
] ¢ 3 —20mM 3 . “. . >
g ! —50mM Y _Tipet Ao 527 S )
§ | ~:' 0.6 womM | B . ‘Q‘ 5 B k"
£ 047 2 200mM | h L0 ’e < 5 R 3
z 1 Z 04 .N - g @ ot u”
I N
| -« |
I
|
|
i

0.0 T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200

PSS concentration (mM)

gﬂﬁ' 4.4 (A) UV-vis spectrum 193 Polyaniline-Poly(4-styrenesulfonic acid): PANI-PSS a1ald
N13AN¥IANUTRTUYDY PSS Tunseuiun1sduas1zi PANL adedsnadiuslsdwdusenineignin

wag (B) nw TEM w89 PANI-PSS

W ordunisfuduanuduialunsdansigs PANI-PSS neldnisiAnwediuelsdiadu
sewine¥gnia wade FTR gniadldlunisiinssvnileisuvuiiuianes PANI-PSS 91n3uil 4.5
910 FT-IR atUnn$iiwas PANIPSS wunnséuves C=N Tuas Quinoid (1662 cm™) n1sduves C-N Tu
TAssadianauudu (1400 cm’) wagnisduved C-H mglureglsunin (1300 cm™) Fsaenadeariu
FT-IR awnasuves PANI wagannlundrdununisduwuyliauunasuag msduiuvansinsvomy)
S=0 vyjdalnium (-S04 ) 493 PSS fisuvtia 1004 cm™ wag 1039 e pudu Famsedu FT-IR
awnaiuees PSS diuazulfinnsdaunsedt PANIPSS metsnedimelsfisdussminegnauszay
ArwANSD uonnildAnyIUsEiuRIes PANLPSS 91n3ul 4.6 wansrndngdniuas PANI-PSS 7
PH 1,3, 5,7, 9, 11 T8y -26.7, 36, -34, -36, -38 waw -34 mV mud1dy Tenansfeuszqiiuin
84 (-50,7 ) naal PSS Tulnssansves PANI-PSS Gadudulsin PANI finnsBaunnzdu PSS 16 uawiin

Julpseadislaana PANI-PSS Tlafissnsyanedmegluasavatetuiila
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S$=0 stretching
-~
=
S
v
g C-H stretching
= )
: 1
.E :
> 1
= C=N stretching !
< ' [
; C-N stretching \}
N-H stretching !
. . - | $=0 bending
NI- 1 1 14
H PANI-PSS 4 : | S=0 stretching
: 1 C-Nstretching
1 '
C=N stretching C-H stretching
3900 3400 2900 2400 1900 1400 9200 400
Wavenumber (em?)
=] [y
U 4.5 FT-R annmsy @9 (A) PSS, (B) PANI, &g (C) PANI-PSS
-45
|
-40
=
5 -35
i
s
o
2
-9
£ 30
N
-26.7
-25
1 3 5 i 9 11
-20 ’

pH
Ul 4.6 ANANET6 ves PANI-PSS 71 pH 1-11

4.1.2 nsAnenAIAsiinsuanGavae PANI-PSS (pKa value)

62

TusAdedvihnismAirsiinsuanda (pka) ves PANI-PSS Tuansaganeffiundudvhazane

1ael9q5 pH-Dependent Absorbance Curve LU 8UL8UNAU Henderson-Hasselbalch Plot Wi

ANWIAIUANLTOUNITWANAIYBS PANI-PSS #9il
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357inile: pH-Dependent Absorbance Curve MNsalnUalUNATUNNTAANAULAIYDY
PANI-PSS 71 pH 1-12 Waz@nmuAIn1sAnauLAIEsgared PANI-PSS Turaanaugnau 450-1000
nm Insfnnurianueauvessgandutasgegaluaninznsedl 770 uiluues wagluannizivai
550 ululuAs) (JUT 4.7A) mﬂﬁ?uﬁwﬁwms@mﬂﬁmmﬁ 770 wiluuas wagdl 550 wiluwns unden
nslasunu X 1uAn pH wazunu Y Lﬂuﬁwmﬁ@mﬂ%mmﬁ 770 wilwwas wagd 550 wiluiuns

LaztauNTudUTaIaEaInTMIIAIWIUMAT pKa 31ngadansm azlassaunis

0.2453x - 1.7095 =-0.2634x + 2.6194
x = 8.5097

Farfuein pKa 983 PANI-PSS 91035 pH-Dependent Absorbance Curve = 8.5097

]
=

357d94: Henderson-Hasselbalch Plot 1161 pKa Ingn1snaennsuLansuny Y fie A1

1A21nNIAUINANENNIT Logl(A-A)/(A-AL] Laglnu X Aa A1 pH 1ng

Avs AID AINNIOANGULENYBIENTAZANY PANI-PSS Tugunsa
A fiB AIN1IYANAUKANUBIAITAZANY PANI-PSS Maglun1izaunansn-lua way

Ax ABAINITAANAULAINDIANTAZAIY PANI-PSS Tusuiua

NFUT 4.7C a3nTad NN S aduYe s I LagAuImIAT pKa ngeRnueinsIv

lasaaunisaaluil

(Aga-4y)

Log [m] = 0.1909 pH + 1.6183
0 =-0.1909 pH + 1.6183
-1.6183
pH = [ ] =8.4772
-0.1909

pKa U89 PANI-PSS 9171738 Henderson-Hasselbalch Plot = 8.4772

INMTANUIUAIMNITUANAIVE PANI-PSS 9Mnvsaeads aguleadanisnan 4.1 aleen pKa

WasWIU 8.4935 laadlAdeaununsgiuwintu 0.0229
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AN5199 4.1, WSsuTlsuAAsfinIswand (pka) vas PANI-PSS #8735 pH-Dependent absorbance

curve WIUWBUU Henderson-Hasselbalch plot

Equation

ArInNNIsUANA? (pKa)

pH-Dependent Absorbance Curve
Henderson-Hasselbalch Plot
ARAe

AJeUUNATEIU (Standard deviation ; S.D.)

8.5097
8.4772
8.4935
0.0229
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I
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g

@
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2

ot

(=3

w

2

<

0.0 T T T T T
450 550 650 750 850 950
Wavelength (nm)

n -e-). 770 nm

—-A 550 nm

Adsorbance (a.u.)

K £
~
[ITETE

.,

B pH

Yoo
‘e

LT
.
.
N,

V(ArAY)] E
. J

y=-0.1909x + 1.6183

e,
‘e

log[(Apa-A

L

g‘dﬁ 4.7. (A) aUnafuAINITNANAULEIVDY PANI-PSS 7 pH wanginariu (B) n3 w1 pH wag fn1s

@JmﬂﬁuLLmﬁmmm’m?{u 550 wag 770 nm ey (C) aun1stdunsived log(AHA-AD/(AI-AA)] wag pH

4.2 n1saAsIzIinsINuaanluRnaURUAN

naueenlafAteuinnen gndsinszinieliuisen Thermal acid assisted-oxidation

nelineld Microwave uunaslingssny audselagilunisldnaueenladaseusiunen Tu
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nisdasdainsnziidanusatsznay PANI-PSS/PAMAM-QGO tHasanayni1Ans nuaen s

1 1 ]
= 1

o A o Py o ' =~ o PYPRDS QPRI =
ﬂ"J@umNﬂ@VW]@\?Lﬂ?qzvﬂﬁmﬂuqﬂLﬂﬂﬂqqﬂ?qwuﬂﬂﬂisﬁﬁﬂﬁNNIMQJWUVINQV]@QﬂQW GO 49NN

a

doaninunia lun1sgaduastsznan PAHs siall nedsinszil nsflusenledmiaudunen 5y

cal

o ¢ a I3 a = ) < v ° =
IMndwAsIzIns1iluesnlennuisn1sues Hummers FasinsusuUsauanies TnsinsHussnlunn
16 972U 0.05 N5 nszaedludiusiaanlesau 50 fadans unluladian 1Wuial 30 uil way
Prluduaszinsafualrsudunlsaduainusaulilasn ngldanisimuizaufa AuTUIUnsa

Falasn nsnlumsn wazlalasulaseanlan windu 1:4:1.63 Iagula na1lun1sduAsIEh 10 Ui

TaAaslnidn 450 Jae

4.2.1 msdunszinsiusenlan

nsduangituusnasihuanslifuiliiinufiseeendindusuiulnumadoumme suusn
we Tfouluimsnuaznsadailadnidudu 96% wi uansufAserluniseandindusiaagyd 4.8 3
Tnuvadedesuasniun 1uaseandlatisuusiamsahaneiuseaniveululassaiiswosns
Al ez flnfedlusnwagnsadainsniuiuswiiser tuneutaslmansyszviessminedu
melulassadrsvesnsiliiiiady Wunaunanivyilsidunasarsuendsn uazansuediaiiuiy
melulassashsvesnsilud dilfAausednssvhetuiafediuituiety anduinslidoonlss
K1UNTTUIUMS Exfoliation Iaeld Ultrasonication ilevilifusswauaeiniveslaianamely dawa
Tfunelunstlwdoonlafinnnfunndturumeesnanduunsfiueenludfifnsnszaedh

Twihlgedy (Dispersed graphene oxide)

COOH

0.335 nm
ooy E—S00

seesb @D GE

0.335 nm HOOC

OH

JUN 4.8 UFfsensdunmeiniiluesnlen
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4.2.2 n1saaas1znsNueanlannlsununanalewmatianiualnusauainiulasian

aaa

naueenlasareuinnen dunsziinigliuiTen Thermal acid assisted-oxidation

nelanngld Microwave iluunaslinaseu lnadsuuse38n15999 Ling-Ling Li uazauy [18]

9

Ufisensdunseiiansnagun 4.9

="
40M HNO, 0.0 _
10M HSO, Q COoH
16M HO, HOOC \T\:l
L\_;;' ~..,»;I«E¢> Microwave Radiation /' T []/L[,[,I]
Tune ; 10 min K COOH Aol
COOH power : 450w . HO™ ™~ ~=""CO0H
(dv HO — Q
ﬂo)_{?—\\:' Yoo eds Y "'l‘!t*o
Ve Ot i W
\ ) ?‘\—\l\:{_}\\_‘ h M /’:};=/ \‘f‘o‘
HO— ™7 H _&—( \»‘_/=/ s Ho« \ W
Q o ) — o) R
H2O
)
V/..
(
HO \>- & MOy
0, /M) 5.9 HO, v Y\ 1
[T\_/ o 0 SN HO . S
oy L -0 , 2 W WA
= [ A ) D e e TR s (LN Ve
P4 /«,_// OH N7 on o ToH A
. \ syt
EO‘% {("(\_J HO™ 5

HO™

UM 4.9 Ufisenisdaeszviniflusenlanateudunen sigidoendintumaeiisiudunisldndu

Y

AMusaunlulAsLIN

nsanwanzfimunzanlumsduasizdnsiusenledatoudunen

annefimunzandmsunsduaszinsfiuesnlesanroudunen Tnefnwsasidiuaiiy
Waduresnsadaiininuaznsaluniniivinzan anudutuveslslasauesoonlefivunsan and
Tilunisdes wazmdsluiivedilasnililunsdaased laennangidnu lvinnisauay
anmemanaaadlaenszatensfiueented 0.05 ¢ Tuh 50 mL neldadudsenufias (Sonicate)

Wuan 30 wdl antuthunlvrnuseulasldraululasmm

N, 9RTIEIUAMUTNTUVRINTALUASN: ANUTNTUNTALURSA LARNEIANUTNTUYDY
NIANALTONIIEIUA1IY Ao 1, 2, 3, 4 laelua diaswauns Hueenlen waynsARauNnyinn1sAne)
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doelaeldiadedlulasian Ml 450 Sad Wunan 10 wiit anduthansazanedilduusuen pH
Aagansavatiuani NaOH 10 luans wazinAn13nanauuasnie UV-visible spectrophotometer
wansdazuil 4.10 (A) Mnnawasduldiidernududunsalundniiinduann 1, 2, 3, 4 Taglua
uovannunIanduLastesn iueanlsdmeutuneniadude difuindefiusndiunse
lunsnifiudu GO anmsaidsulveglusuves QGO unTumlugae dduisaguldindnmaan

ANULTUnsadaTia3nsiensnluniny 4 Tuasdedns wunzauiian

9. nsAnwAududuveslalasiaulaseanlyn lunisnaasdla@nwiAudutu
voslalasiauedeonlesiininududu 0.33, 0.98, 1.63 Intlua 7idiwanon15anTuIA LAZAIS
N31MIvINI ueanleRAIBUANABY TUN1INNABIILAIUALEATIAIUANUTNTUYRINTALATIN
sonsalundniisnsidiumutudu 1:4 Tnoura thasnaunsfiusenles wazlslnsauleseenlas
Faruudusnstu vinnsdeslneldiedeslulasim Tl 450 Yad Wuan 10 wiit 91nduth
ansavanedildnusuen pH sgasazatstuan NaOH 10 Tuans uasind1nisgandunassie UV-
visible spectrophotometer LLam@?’quﬁ' 4.10 (B) ﬂ5’11/\Iwaamzwjfmﬁ'm’1i@mﬂﬁuLLaﬂﬁ 250 ulu
wns wazanduduveslalasiaulosoonled wansliviurndeaududuveslalasiaules
oonlarifiugy AINTAANTULAINDI QGO Auuguufuiesian o gneendladrielalasiau
Wedeonlwslduniy duududenldlalnsaueseenlasiinnududu 1.63 luard Wurududy

ML AL

a. n1sAnwIAlumsiuassinsueenlyfnlendunen: nsAnwsnsnaveIm
Alalumsdunsizinmiuoenlesmendunen lnednefiaad 5, 10 waz 15 Wit lunisvaaesay
muANITELmNNTIuesnsadaiininsiensalunsnTisas @Ay 1:4 Tnewia lelnsiay
wWeseanludnaududu 1.63 laslua waznitusenlus sihnsgeslneliinzedlulasim Tiaalw
450 Yo Togldianfidnwn Wleansazaregneeeiaia thansazansiildiunusudn pH seansazane
waln NaOH 10 Tuan$ uazinAinisgandulassie Uv-visible spectrophotometer wamasagudi
4.10 (O n3wimaemsznineAInIsganauLa 250 uilumns uazanlunisdaunsieyisngg wui
dlonanfiutu Amsgandunawes QGO Adintuuiy wandifiud ienaminiu GO awnsn
gneendladldunidu uaz GO wWisuluegluzuves QGO snntusmailsne Tumsvaaesiideniaandi

a & A ] o ¢
10 W LWUULANMAUNZENRNDNTAILAT IS

1. Anwiniaslnirveslulasianlunisduasizvinsalusanladnlraununan:

1Y

Aaaluilrvaslalasnniwunzaulunisdunsizinsiflusanlanaiandunen Inavinnisusulasu

o w

Adsluveaundeslulasiad A8ns1 200, 450 wag 600 Yad LLamGﬁ’quﬁ 4.10(D) @ UnmsuNS
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AANAULEAIYDY QGO kaENIIMNABATENINAINITAANAUKEAIN 250 Wluiuns wagiasliinves
Lulasianl wansliviuindleldiaslningeu dwaliinanuseunintu el GO awnsagn
sondladlaniu wazgnivdeuluegluzures QGO undumulaie lunmmeassdsmmuaiiaslnii

MvUnzauA 450 A

A !
w1 mol/L

2 mol/L.

0.6 e
0.8 o----0"® 0.8 1.0 mol/

===3mol/L.

Absorbance at 250 nm

= -
> s
= 4 mol/L.
& 061 02 Z 06
@
§ o 2 0
Z 04 LFIM - 12M 13 Mgl = 041 L403M  L&LOM  LiL6M
= Concentration of [H;SO,:HNO,] 5 Concentration of [H2S04:HNO3:H,0,]
e 2
@ =
-: 0.2 < 02
—_— |
0 - - - . . ; . 0 - . - - - . . |
200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm)
1 1
H o8 .
——Smin = 200W =
G 0.6 b e T oS ° 2 06 ———
0.8 4 10 min - = o-----® 0.8 —_—4S0W T >
04 -~ e 600 W T o %
; | ~—15min 3 = i L
= 0.6 £ 02 5 0.6 £ o2
= 2 - Enl2
@ < o ¥
£ = 4 : 3
£ 04 Sy P i3 fin S 04 200W 450w 600W
2 Time 2 Electric Power (W)
[ 2
2 02 2 02
z =
0 0

200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm)

3UN 4.10 alnasuAnsgandunaiveensiiiusanlannloudunemn (A) nareIndudunsa
H,SO4HNO; (B) #aw84Aut U H,0,, nawadt3an, (D) navasmiadini1vedlalasian Tuns

FuA5129NTAUADUAUADY

4.2.3 msigatienanealinsifuaanlen waznsniusanlennlauiunan

n. UV-visible spectrophotometer: 91nn13daiAs1z3i QGO Tneldanneilmunzaniign
QGO fidnaesildazihludnviondnualfamaiafieg 91nguil 4.1 (A) uansnsSeuiiey
awnasunsganduuasveansbiled ns1lueenled (GO) uagnslueenladaleudunen (QGO) g
AsgAnduLastes GO wufl 226 wag 300 uiluns Wesanifunisiasuanuzvesdidnasey
90 1T ¥9e C=C uansiaiuszresseglsnannglulassaiiawesnsiilusenled wagnsdsy
A0uEAIN N - - Y84 C=0 Uevandanyileiurasnguanivofavuiufivosnsftusenled augy
lunsalveansiilueenlenaieuiunen danuasandesiunsiiiuesnles lagAin1saandunaslugia

220-235 WLULLAT WEA9DN T-conjugation ALNTU LB91ALATIASIS C=C lWNTU UanINLATITY
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¢ o a ‘:1' a = v Y] N
@@ﬂlsﬂfﬂﬂ?@u@m@@mWUﬂ’]i@]mﬂaULLﬁﬂmﬂ'l']llfﬂ']ﬂau 300 ‘L!'ﬂuui@]i FIABDAAADINAU N15UAYY

#@01ULIN n - T* VBN C=0

¥. Fourier transform infrared (FT-IR): A33U 4.11 (B) FT-IR avnasuvaansabia ldusing
msduvesiuszmeluluana Wesnmelulasiadsweanslndiidnvusfuseslsndndouriuiu
wigseghadealimungilsiuvussuuidlowisuiisuiunalwdoonled Sswunsduvesiusy C-H 7
uaNszUUYENIeElsNAN M3dUYes C=C Yondaxlsinin Msduves C=0 Yesmga1usandan nsg
Fuves C-0 vowvimiueia uagn1sduves O-H A 659 cm™, 1620 cm™, 1730 cm™, 1053 cm?
Way 3420 cm™ AudIRU wa¥aIn FT-R atUnnsuaes QGO wuindnsduiiaenndesiuiu GO

Vo Feaunsaasuladn amnsadaasizt QGO ladusa

A. Transmission Electron Microscope: fnNwlgN19118ATMUB QGO WanensgU 4.11 (C1)

Y @ A . . P PNEY) @) 1 a 4 1
wanalyiiiy GO MIN1un13 Exfoliation @adldnwaigiuuruuia wasisau lngwu1nnnuninevewsiy
Winiu 2017.73 unlwiuns waggy 4.11 (C2) aziiulaan GO WanIunszuIun1sduasIeine3s
gandntuminsasiuiumsidaduanuieululasan deali GO Wavuldeglusy QGO lnudivun
aun1Aegil 6.18 ululng waelldnuazdunsinay Fsanunsoasulian saedsnistianunsodunszi

QGO 19159
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——Graphene oxide quantum dot (QGO)
i 226 nm —— Graphene Oxide (GO)
' ——Graphite
e
=
E 0.6 - :
S |
= 1
2049 |
2 : !
< 0.2 - 1 :
! 1
) 1
0.0 : : —
200 250 300 350 400 450 500 550 600
Wavelength (nm)
QGO C-O stretching
1

1
; C=C stretching
O-H stretching

1
C-H bending

1
| C-H bending

Transmittance (a.u.) H

1 3
! C=0 stretchi ]
O-H stretching s b C-O stretching
gt C=C stretching
Graphite
3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm™)

g'll‘ﬁ' 4.11 ANN13)ANAULEIYBY (A) Graphite, graphene oxide and graphene oxide quantum
dots, FT-IR @LUn®s uv949 (B1) Graphite kag (B2) Graphene oxide, hag A1W TEM 84 (C1)

Graphene oxide (C2) Graphene oxide quantum dots
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4.3 mifaaziiangaduusindnuily (Fe;0,) wodazlitu/meadaziilaiuaulae Usuuser

¥
A a v

NuRafrensNueanlunnlaufunan (Fe;0,@PANI-PSS/PAMAM-QGO)

4.3.1 n1sdaATIzidanuasusznaunadesidunaunadozilaadiuiaulaiue (PANI-
PSS/PAMAM)
TanueisUsznaunederidunaunedosilaediuaulaiue gndunsigvaiswmaiia Layer-by-
Layer deposition technique neldn1siingunsisensliihatin sewitslsequinvomyesiilu (-
NH5") uulasaas1avas PAMAM uagdseauves -SO;” uulaseaineves PANI-PSS wadorillateiiu
wulawe pH=7 Aadudy fia 0.01, 0.03, kaz 0.05 % w/v gAUINANYINISIAABUASASEITY
PANI=PSS 0 189w/ vﬁ’mamhgﬂﬁ 4.12 wuanasunisaandunasvesnefios oy firnuepauy 817
wluwns anaspuaududuifiuiuremedosilaedunulawe Fadunauainmsdaieleu
Sidnmsoudishumis Bipolaron wagnsaneleudidnaseuses Polaron 112 Quinonoid dsegnnely
Tn59ad19983 PANI anas vilifiaueniadu 817 wiluwssanas wazidlodiuanududu wodezdls
il wuanaduiinnugaedulmivsngd 616 uiluues waadifiufannnddsuulaseznoy

lulnsiau my8du v99349 Benzenoid gniudsuunlveyluguvesiauniu Quinonoid wazdves

asaraneifanaasuuandiferlududih uasnisfinwUssauuiiuiaues PANIPSS/PAMAM
NUIUTEUeeTanunalsenayu PANI-PSS/PAMAM 3¢anaann -35.37, -26.9, -19.63, uag -16.97
pmdy Weliuanududuvesmedesiilaedunulame Tua 0-0.05 % wiv amdiy uandly
Wi PANI-PSS anunsniinufisendu PAMAM aeldnisiindunsisemnslniiadn uasiitedu
n1sfuduanudnsalunsdunsizsiianusausznou PANI-PSS/PAMAM wiafia FT-IR gnununld
Anwiloudungilaitures PAMAM vuituia PANI-PSS dauandlusuil 4.13 wunsduvasmfiledy
NH, vouoiiutay C-N 71 1475 way 1388 cm! muadiu 39u191nTATsa319u09 PANI-PSS/PAMAM
Fauansliifiudn PAMAM anunsauinufnsenuuiiuia PANI-PSS 16 dsiuluemidduilasld PAMAM 71

ANULLLTY 0.05 %w/v ivevinnsduaTvTanusislseney QGO waly
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0 PAMAM concentration (%w/v) PANI-PSS/PAMAM 0.01%w/v
0.00 0.01 0.03 0.05
5 ——PANI-PSS/PAMAM 0.03%w/v
S a0 | S |
0= ——PANI-PSS/PAMAM 0.05% w/v
1 —Pure PAMAM Dendrimer
E 20
2 | .- —Pure PANI-PSS
& -25 -7
s I -
g 30 e
200 300 400 500 600 700 800 900 1000
Wavelength (nm)

73

Ul 4.12 awnn3unnsgAnaunaniue PANI-PSS/PAMAM daasizvifiadnandudu PAMAM wansng
i (0.00-0.05 %6w/v.)

Transmittance (a.u.)

O-H stretching
|

N-H stretching

PANI-PSS/PAMAM

PANI-PSS/PAMAM-QGO

C=C stretching

N

C=N stretching

N-H bending
: C-N stretching
|
: : C-O stretching
U

1

1

1

| $=0 bending

-H bending !
1

S=0 stretching
U

1
C-N stretching

1
1
1
: S=0 stretching
1

C-H stretching

3900

g‘ﬂ‘ﬁ 4.13. FT-IR aUnm3u (A) PANI-PSS/PAMAM dendrimers, (B) PANI-PSS/PAMAM-QGO

3400

2900

2400 1900
Wavenumber (cm?)

1400 900

400

4.3.2 nsdanseniaguasusenaunadesiaunaunafosilaeiunulawe Ysuugeiaeg

ns Nueanlunmlaufunan (PANI-PAMAM-GOQ)

Tanussdsznaunedesiaunaunafasiineiunulane Uiulqsdaansiueanlas

AIBUANAEYN (PANI-PAMAM-GOQ) gndataszisaeinaila Layer-by-Layer deposition technique

neldniafnsunsisaniusslalaan (H bonding) Tne QGO firududu 0.01, 0.02, 0.03 %wAv
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gnlE@N I UHATE1TU PANI-PSS g 180601 /PAMAM dendrimersg gs s AhaAEUNATUAIAANEY
LLaqﬁ’agU 4.14 fipue11AA Y 616 UIlULLAT T84 PANI-PSSg 1896w /PAMAM dendrimersg os o
anas Wennududures QGO WinTwan 0.01, 0.02 0.03 %w/v MUEIFU Lardvesasarasas
Wasuandi Widudienania 3UA 4.13. uans FT-IR adnafu (A) PANI-PSS/PAMAM
dendrimers wa¢ (B) PANI-PSS/PAMAM-QGO WUT# 1293 cm ! and 1388 cm ™ wand Stretching
299 —NH, groups wag C-N wardanuiialvalfl 3644 cm™ (-NH-), 1631 cm™! uag 1558 cm™ veq
(~CONH-) uagdl 1390 cm ™ (-CH,-) Fsanunsaaguldinnsilueanlasaiauiunen a1u1saiin

a a dgj a a aa a a = v
ﬂgm‘muuwummm‘wm'ﬂ::u@ummW@m:;NTmL@mumuimm 1@

0.00%wA  0.01%WN  002%wA  0.03%wy

e PANI-PSSPAMAM-GQO 0.01 % wiv

- —_— —_—
s 1 PANI-PSSPAMAM-GQO 0.02 % wiv
6 e PANE-PSSPAMAM-GQO 0.03% wiv
5 e Pure PANI-PSSPAMAM
10 | - - Pure GQO
14 | {

B .
r- 1 f*-—-.f

0.9 4

0.8 1

0.7 4

06 +°

Zeta potential (mV)

0.5

04 4

Absorbance (a.u.)

0.3

0.2

0.1

S~o
-
e -

200 300 400 500 600 700 800 900 1000
Wavelength (nm)

JUT 4.14. anasunmsgeanfunasemefeviaunaunedesilaeiunulawe USuugsmensiiiu

Y U

sonlasAiouiunen (PANI-PAMAM-GOQ) fimnududu QGO wandsiu (0.01, 0.02, 0.03 %w/v)

4.3.3 Tanaaduuimanuily (Fe;0,) wodazlidu/wadaziilandunulawe Usuuss
Hufindrens ilusanludalauiunan (Fe;0,@PANI-PSS/PAMAM-QGO)

N, ANSEATITLIMANUITY (Fe,0,)

wlanuIlu (Fes0g) d0aTeilaedd Co-precipitation sywinandevoanan Fe?* uay Fe®*
Tuannwiva lngazynsduaszinmeldussornialulasou Wetesiuniseandladves Fes0, 1t

vJu Fe,05 aunsiaiilunisdansiyviuansnagunisy (4.3)

2FeCl;(aq) + FeCl,(ag) + 4H,0 (ag) + 8NHsz(ag) — FesOq4(s) + NH4CL (ag) (4.3)
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o/ ¢ o/ ] 13 a ac a a =
v mMIdaasziianaaduntdinanuily (Fe;0,) wadesiifu/madaziilaeiuaulawe
USuugeiurafdlenstiueanledalausunan (Fe;0,@PANI-PSS/PAMAM-QGO)

(% L4

anusIUszNau PANI-PSS/PAMAM-QGO wazeunawianuilu (Fes0,) gndunsizi
A1875 Ultrasonic assisted co-precipitation method nelin1siindunsiseIn1sastsnuszlaeaf
wnlad1iaud (Coordinate covalent) sendnany dnendatelulassasisveensifusenlen

PauRuneUAzIANlUBIAUTENOUTaOYAALLIENUTY

4.3.3.1 nsigatienanvaivaawsitvdniunly (Fe;0,) wae Janaaduusinanuily (Fe;0,)
a ada a a = o/ :ly a v ¢ o
wodezddu/wedezilaaduiaulaue USuusanudadrensfiusanladalroudunen
(Fe;0,@PANI-PSS/PAMAM-QGO)

Fourier transform infrared (FT-IR): U7l 4.15A uansanasun1sduves wiwén
Wl (Fe;0g) AxNUNTAUVRY Fe-O ag#l 559 cm™ uay 624 cm ™" waziilowisuiuaiunniuves
sumaumdnulunedesidunaunedezilaedunulaweusulssmensilueenladaiusuney

(U7 4.15B) 2gnun15duved Fe-O Wufiu uilin1svduveuavadunanti 576 cm™ uag 617 cm™

v a

wansliiunisuszaunadisalunisduasgieyniamanunluiay Jangaduinnaulndala

X-ray diffraction (XRD): 3U7l 4.16 uandszuIYowAnlAgIUsBULTBUTENINg
FesOq U%@ﬂé Wae Fe;0,@PANI-PSS/PAMAM-QGO Wuin FesO, filassasandnluszuugnuian
(Cubic) U'ﬁ']ﬂgmﬁl,?:mmuﬁgu 26 wirfiu 30.21, 35.48, 43.31, 57.08 W@ 62.77 Tnendunsideaiun
YBITTUIUNAN (220), (311), (400), (511) wag ( 440) MUaINU %qmiqﬁugwu%’aga JCPDS #u1gLa%
19-0629 waziiiow XRD pattern 984 Fe;0,@PANI-PSS/PAMAM-QGO 138 ULy wua1dnig
A Baiuuiiyy 20 Aaeandestu Ssanunsnaguldinarunsafafineyniemdnuiluuy PAN-

PSS/PAMAM-QGO ladi5a

Field Emission Scanning Electron Microscopy (FESEM): ﬂ’liﬁdﬂmmqﬁmg’lu
INe1983 Fe;0,@PANI-PSS/PAMAM-QGO feinaiia FESEM dnauansfsgudl 4.17 oyninves
Fes0, UavsniduanzidheBnisanagnausin wuhiidnvusidunsanau Svuneusnglut 6.25
- 42,76 wilues wanilensivaevesdusenauniglulasaasiadie X-ray spectrometer (EDS) Wy
paAUSENOUA® Fe way O LWNNU 18.924, 81.076 %wt. A1NE1A U (gﬂﬁ' 4.17 (A) il 9911015
WIguilguiu Fes0,@PANI-PSS/PAMAM-QGO Tusy 4.17 (B) Wuineun1aved Fe;0, In13052any

#0efuU PANI-PSS/PAMAM-QGO BufiulngrinisnsinaeussAusenauvessiniie EDS Faglviiiu
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11799AUsENaUVBY C, N, O hay Fe winiuU 14.538, 0.659, 29.919 way 54.884 % Lagi1uin

AUAIAUY

Vibrating sample magnetometer (VSM): d1%5un13@nwiaaauvfnisuaiman
1Al guLngusEnI1eeun1a Fes0, U%‘qm§ U Fe;0,@PANI-PSS/PAMAM-QGO faeta3 0ile
Vibrating sample magnetometer (VSM) lagiian1izlunisnaass A ﬁﬂﬂﬁimmaauﬁqmmﬁﬁm
wazldauuusimdnaiouen Wiy +8000 Oersted (Oe) Iénadsgud 4.18 wuirAaaduusivan
dindulutisusnegiemng wasdhganneudindndusilurag 8000 Oe Tasaynia Fe;0, u3and
way Fe;0,@PANI-PSS/PAMAM-QGO T aanuidunsdindnivindu 103.430 emu ¢ wag 17.457
emu ¢l nudIRY warTanvisaeuanngAnssuiduuuy Feromagnetic Tnsanautinanudy
WiENYBY Fes0.@PANI-PSS/PAMAM-QGO anadifioifisuiu aunia Fes0, u3aus Lioswnain
PANI-PSS/PAMAM-QGO Luneaueilsiuansnnauifivmausivan wazideviandafuoynia Fe,0,
Fovilinuautinnuduuiminanas fadumstudulddammiainoynia Fes0, waz PANI-
PSS/PAMAM-QGO tinpaxlndaduld widnnaautfnnuduudivinanas widersaiunsadnluly

#115U35015 MSPE leagnefiussansnn

Thermo Gravimetric Analysis (TGA): @1%SUNIIANYIAMIULEDETAINNIIAIY
Souvosiangadu levinns@nwisemnaila TGA figamadl 25-900 ssrwaldea lenasaguil 4.19
MAMANINAARINUI sumAmANUTY FesOq U3ams (§Ul 4.21(4) finmsaanesadniosiigumgd
41.48-107 aeAwalBud ward1miuiangadu Fe;0,@PANI-PSS/PAMAM-QGO (gﬂﬁ' 4.21(8) 7
gunndl 125-225 ssrnwwaldea dnsaansd 22% lasthwiin esnanisameswomlensenda
(-OH) uay Bwend epoxy (-0-) melulassairsnsitusenladmeusiunen uazurmyilsddudug vy
Tassadaveamediue wagnunisazateda 3% lnetmin fagumgll 436.22-481.99 serealdea
Tngonadunisaanesiivesunundniulasiairmedwe vieaneldnediue gavinenunisaaieda 23
% Tnevimin flguvnd 628.73-721.94 esrisaifea Tasidunisaanefvesaiueululaseatie
ndnvosnsifiuoonlsdmeudunen fduiundorvinvesansogf 529% ngtimiin 99nmsfine
Arwadssmanufeunuintanaaduiiauatiosiaud 25-174.03 ssrueaidoa laoidognmnias

Nundgnilavdmalilasaianediuevesiangaduiinnisideanin
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C-O stretching Fe-O stretching|

N-H bending
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=0 bending
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1
H S=0 stretching
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;
. ! '
C=Cstretching C-N stretching

M
)
Fe;O, i

Transmittance (a.u.)

Fe-O stretching

3900 3400 2900 2400 1900 1400 900 400
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Ul 415 FT-R awnmdu (A) eynmauiluwimén Fe,0, uaz (B) Yangadu Fes0,@PANI-

PSS/PAMAM-QGO
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3‘1]17; 4.16 XRD pattern of (A) Magnetic Fe;O4 and (B) Magnetic Fe;04,@PANI-PSS/PAMAM-QGO
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sUl 4.17 FESEM ve A) ayniawman uuaillng Fe,0,, (B) Sangndyu Fe,0.@PANI-PSS/PAMAM-
QGO and (C) Energy dispersive X-ray spectroscopy (EDS) elemental maps (C, N, O, and Fe)
n31aeuluianaadu Fe;0,@PANI-PSS/PAMAM-QGO

125

75

2 . -

=25

Magnetization (emu/g)

=75

-125
-8000 -6000 -4000 -2000 0 2000 4000 6000 8000

Magnetic Field (Tesla)

JUN 4.18 pauandfrnuduwivin dmemealia VSM 84 (A) sunamanuily FesO, wae (B) Tan

9

AU Fes0,@PANI-PSS/PAMAM-QGO
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90 4

80

70 4
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30 T T T T T T T
25 125 228 325 425 525 625 725 825

Ui 4.19 ermiaissammsaufeusemaila TGA v0s (A) synamanuilu FesOq waz (8) Tan)
ARYU Fes0,@PANI-PSS/PAMAM-QGO

4.4 msAnwaneiivunzanlunisainasussnauTwdlundneslsundnlalasariuau Tneldvan
andu wodazlidunaunadoziilateiunulawe USuugsilensiiueenladalaudunan
Tunmsuszgndlitanpaduiidaeszidulumsatinansusznou PAHs lusiaegiai ¢1e38 MSPE
mAfedldvhmsfinmanmgnmsvasesiivangausieg lunisada 33 Ussneude YSunaTanandu
USumsiiegne nadmiunsaadu nandmsunisenedu siedvhazarglunisaedu uazuiuing
vosivhararslunismedu Tnslunismnaesildvhnisdnwinisatnansusznou PAHs 4 ¥ila Ae
Pyrene Fluoranthene Phenanthrene Wag Acenaphthene Lagvinn15IATIERNUTUIUAMUTUTY
ansfianaldlngldiados HPLC-FD anifumenfesaznsfundu ileUsziliudszavsnmlunisadio

1
v

4.4.1 msAnwSinuiagaaduimansay

o A

lun1sfinwvsunadangaduiimanzay lvihnisfnwinisldiangadunuminee fie 5,
75,10 hay 125 daansu lun1sanna1sazalsu1nsg1u Acenaphthene, Phenanthrene,
Fluoranthene, Pyrene 911ty 500 lulasniusiedns lnanismaassasUiunansasansunsgiu

PAHs 11U31195 10 addns WnTagaaduiuivminensg vinisiwgndunan 30 wadl anuuld

[y o

awuudnneusngaiangadulivazmansazaigean iiu Acetonitrile 10 fiaddns Woys PAHs

99U

)=

sanndangadu Ingldiiatlunisve 30 i Faldnauansfagun 4.20(A) INHANTNARBINYINID

YSunadanaeaduiiiuanndu Yssansamlunisainasiiudunig Wesninisnszateivesianan

o a

Fuluansararveganits wasmaindSunalangedudmaliilauglunisgaduigelu usidawiy
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USunatanaaduluaude 12.5 fiadnsu nudwssdnsammsadiasuai lnedlsldusunaianaadui

(%
IS v = =

10 waz 12.5 Gadansu husednSnmlunisanafliunnansiuegredidedany aedudadonySuu

Y v

a a o [ - o a
Dﬂ@@@ UN 10 Uaansu L‘Uuumuﬂwmmzaﬂumwmaaq

4.4.2 N15ANYIAMILFMSUAIU

Tunis@nwnaniimuizaulunisaedulavinnis@nwiitiaisiigg fe 5, 10, 15, 20 waz 30

a a

w7 Tunmeaeztiunansara1eu1nsgiu PAHs 11USu0s 10 Haddns Windagaeadu 10 dadnsy

[y o

yhmawgnduam 30 it anduldauuusindnmeusngaiangeduliuasmansazarseen Liu
Acetonitrile 10 fiadans ilove PAHs sananiangadu Tagldnatlunsveiinatsine ddlduassgy
7l 4.20(8) Mnmansnasesmuindofinnarlunsaeduuiu dealissansamlunisanedy
Windusae Fudunanainnisil Acetonitile faumsnniulunisiindunsizenfuarssznou
PAHs WagwzansUsznau PAHs senunanianduldedsauysal Tasfinannsaedud 30 undi T

2 A LY a U & = A ° LY v A a® a d'
i@ﬂﬂ?iﬂﬂﬂﬁ‘UiﬁﬂVIﬁ@ AIUUWABNLIANFINITUNITANYLUN 30 UIN LUUL’]@WV]LMEJ']SHN“V]?!@

4.4.3 nMsAnwanfiwanzaudmiunisgadu

Tumﬁﬂmnmﬁmmwgama’m%’umi@m%’ulﬁﬁwmsﬁﬂmﬁmmsmﬂ Ao 5, 10, 15, 20 uag
30 w19l lun1smnaeaztivnaisazatuuInsgIu PAHs 11UTuns 10 §adans wudangadu 10
fadn3u yhnnwginaidne mufidne anduldauusivdnaeuengaiaggadulivasm
a1sazatueen Ly Acetonitile 10 fadans shmswgndunan 30 unit lenauanadsguil 4.20(C)
Mnuantsnnaes deldiaatlumagaduuiutuaus 10 wiit axli¥esasafundugeiian uazileifia
syogalun1sgaduliuiutu (20 uay 30 wif) wudrseansamlunisadaldldgeduesiad
Hed1Agy PnNanITaaBsiuALandliiuITa 10 Wil TannaduaINsagaduasusEnay
PAHs lseganysaitaziingaunanisgaduuda sasuliinnisldnailunisgadudl 10 unit Jady

= =
FIRVIUNNSHUNER

4.4.4 nsAnesinvasasazanefiddmsunisaiedu

Iudﬁuaﬁaﬁiﬁﬁﬂmﬁ?ﬁﬂaza’m%ﬁmﬁi’m6] Ao acetone (ACT), acetonitrile (ACN), methanol
(MeOH) ua ethanol (EtOH) ieldlunisvzansuszneu PAHs sanatniangadu Taslunisiden
slnvesiavinaratsaiansannnan maAuid (Polarity) vesdwhaedunan lunsnaassazd

a a a o o

Wnansaraleu1nsgIu PAHs 1U5uns 10 faddns iindangedu 10 fadnsu viniswegnduia
10 it anuuldauuwivinaeuengaianandulivazimaisavaiveen Wudiavareviinanay
AuniAny) Usu1ns 10 Taddns vinisiwgndunan 30 ui lanawanidegui 4.2000) tesan

a15U52noU PAHs Wuansusenaunliidn useanindadn satiuainnisnaasaileldsivinazalen
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anminAeudnags Ae MeOH way EtOH Tasfidranwdawinty 0.762 way 0.654 mugdu axlides
azmsfunduisindt WawFeudisusunsld ACN iuasazanseedy Selidranmdaindy 0.46
Snvia ACN Usznausae CaN Tulassads Ssnunsaifnussiagnssvindlinanavin noeiu PAHS 143
dswaliAnnsezansusznau PAHs sanainangaduldd uenaindlévinisveasddiiazas
ACT Bafidnanmdasinfign Wity 0.355) ilumsaransaedu wuidhenuautives ACT fianusa
sumeldAn gunfiteswililimunzdagldiduarsaraeaisdu Snifsannisnaasadanudaly
UsyBvBnmlunsneduiiiiian dafuanwamvasosismedlfifuindyiasans ACN ingau

ngalunsldiluansazaremedu

4.4.5 n1sanwIUsuInsvBsd1sazaten ia1MsuUNISANETU

a

Tuns@neUsunsvesasazanefbgdnsunisaedu ne@nwAusuing 3, 5, 10 wag 15

aa a a

faddnT lun1snaesastivnansazalenInsgiu PAHs 11U3uas 10 1addns nuianaady 10

a o o [y o

faansu yhmswendunan 10 ud mnﬁﬂ%’ammuiLuﬁﬂmauaﬂ@mammwuﬁuazmaﬁazma

Y

98N WA Acetonitrile NUTUR561399) audidnw) iniswgnduaan 30 wiil lanauanidegud

4.20(F) nwan1snnasd Woldansazaremetuusunsuiniune 5 1aaans avlra1sesasnisau
[ d' dl‘ d” Y < 1 a d' U dy a 1

ndugenge Ferliviuinsumsansaranenldlunisaeduiliiisanadonisveienansusenau PAHs

sonaniangaduldvun widlofiuusuinsuiniu dawabirifesaznisfunduanas duduna

I
Y A

= = Y Ao a
WB9UNINATUTENBU PAHS V]Qﬂ?i%@@ﬂiﬂﬂﬂ’]ﬂ’)ﬁ@mﬂ%Uuu&ﬂL‘-U’e)ﬂ’]\‘m’]ﬂﬂ?iﬁ/llll]ilﬂ(ﬂﬁﬁ’]ﬁﬁ%ﬁ?EJ

Y

a

medugau lunuilludenldsunsansasangaedui 5 faddns lun1syzansusenau PAHs a8

v

NNTEAAGU

4.4.6 NM3ANIVININTVDIAITLAYAIDENS

Tudruididunsfnuusiunnsvesarsazarsdedsiimunzandldluns@nwinisade
a1sUsEnav PAHs Tngldfangaduiidanseidu IngldvinisAnuiiuiuims 10, 20, 40 wag 60
fadans lunsvpassazdiunansazalsinnsgiu PAHs 1nUTunsenes auiiagfnu mﬂﬁ?mau’?a@

o

o a a o o I [ ] & ¥ ' =3 [y v
ARYU 10 UaanIy NN BUUIAT 10 U 'ﬂ]qﬂuuﬁl%ﬁuqmLLﬂJLﬁaﬂﬂqﬂu@ﬂﬂﬂ'ﬁﬁ@@@‘?ﬁ‘UljLLEWL‘I/I

U Y

[

asazangeen W Acetonitrile Usuns 5 mlL vinisiwgnduiaan 30 uiit lawauanadaguil 4.20(F)
nguazdunaiiulddn Wevsuinsansaratediod1uiindy Ardevavnisfiunduazanas iuna
Weunanmsnviunmsansazaeiiegannduiliiiuiuluavesansusenou PAHs Winduauly
v PN (% 7 a v g = 1 14 % (% A d' (%

me TuvaeuTinuianaaduaaau feiuisdwalinugvesianaaduliiiismenagldlunisanie
a13Usgnau PAHs 8nviamsnfivsuinsansazateiegsuinenaviliianaaduliaiunsanseaesa

Tuansazaneleeg19iins vinludiuszansawlunisanasn seduluauidadenldlsuinsaisazane

Y 1 = a aa [ a N
feg19il 10 Jadans Wulsumsimunzanlunismaass
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Volume sample (ml)

U 4.20 adeiilinadensgaduvesiangadu (A) Ylinaingadu | (8) navesiannisgady, (O) wa

Yp9IansAegy, (D) slaa1sazatgdmsunIsAegy, (F) Usuinsvesansacatemiedu way (F)

U3Umsiieene © MUUALA I =

Fluoranthene (Cy4H;0) and

= Pyrene (CyH10).

Acenaphthene (CyoHy), I = Phenanthrene (CiqH1p), =
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INNSENYIaN IERIwmunzanlunisatnalsuseneunedlendneslsundnlalasasuaulng

14 synrawdmdnuilunedezddunaunedozdlaiedunulawes YSuuseiiensfiusenlad

aeusunendutanandu amnsaaslannesiiviuneiildlunmsaialafmised 4.2

A151991 4.2 amasﬁmmzamﬁm%’umiam%’uLLazmsJé?J’Uﬁuaq Fe;0,@PANI-PSS/PAMAM-QGO.

AUsNANEI ANNTNNIZEY
Ysunuimeadu 10 dadin3y
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4.5 NsANEIAMANBUZIAUYRLIENAAtU aunAwiwmanu lunadosifundunaioziilaelivauy
lawa Ysuusenenslusanledalaudunen Tunisannansusznaulnglaadnazlsunfn
lalasasuau

pFsnmsfnwnaniefiuangaulunismaaes dudldvhnisinuaudnsusiiuronisld

o (]

Fe;04@PANI-PSS/PAMAM-QGO tluiangadudiniunisannaaeids MSPE Tunisainansuszneau

U

[
a A 1

PAHs Tufegai lnesulsidnwined Ao Framnuduidunse (Linearity) anulilunisimsgi
(Sensitivity) A3l 84 (Precision) UsednSainvesdigady (Enrichment Factors (EFs)) 39119
A1anveIN15n 7193 (Limits Of Detection (LOD)) UszAnSamlunisAunau (Extraction Recoveries

(ER%)) ez ANNIUNEVRITARNATY

i

20 60
= 60
20 4 = y=2077x+ 218 - y = 4877.1x - 29613
315 R? = 0.9937 3 >0 R =0.9987
2 50 {24
2_ 10 R é_ 30
g 0, Ry
Gy 15 2 5 - = E 20 o e
s 4 & A
= L S 40 {§"L.
3 0 v =~ b
v 0 25 500 750 1000 S 0 250 500 75% 1000
E Acenaphthene concentration (ppb) . Phenanthrene concentration (ppb)
= 10 2 30
£ -
= ]
e | O pp b
% 25 b = 20 -
= 50 ppb _llzw:u
& i P
250 py
500 ppb 10 100 ppb
e 1000 ppb a—— i:; DT
SWpp
—‘A-= e | 000 pp b
0 0 A
5 7 9 11 13 15 5 7/ 9 11 13 15
Retention time (min) Retention time (min)
[ D |
70 50
70 50
y = 5225.1x - 22495 s =
~ 604 3 B2 = 0.9964 340] Y= 4;|} 5x - l?(iXS .5
60 4 3 9 t} R*=0.997: -
S 40 230
) ~ 40 14>
= 30 " = £2 >
> R . ] L
= 50 1 32 & £ 10 v
= Frol .o >y -~
" B ol = 30 0
= - 5 -
S 40 A 0 250 500 7% 1000 o 0 2% 500 75 1000
‘O Fluoranthene concentration (ppb) .._:' Pyrene concentration (ppb)
= -
30 A S
T Z 20
= =
]
= 20 1 10 ppb — 10 ppb
> 25pb
<;x: 10 Sllmh
10 A 100 ppb 100 ppb
e 250 ppb ‘::m
500 ppb 1
1000 ppb A e 1000 ppb AL
0 0 !
10 11 12 13 14 15 16 10 11 12 13 14 15 16
Retention time (min) Retention time (min)

gﬂﬁ 4.21 1asulAsknIy wag N31UINTEIU 09 (A) Acenaphthene (Ci5Hyp), (B) Phenanthrene
(CiaH10), (©) Fluoranthene (CigHq0) And (D) Pyrene (CigH1p).
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Mnmmaassneldnisldannefivangay wagyhnsiiasgimuTunamsuszney PAHs
flarils IneldinTes HPLC-FD Iénadaguil 4.21 uandasnlaunsuuaznsmmunsgiuvesansusznoy
PAHs 973 4 %iln Ao Fluoranthene (CiH10), Acenaphthene (CiH1p), Phenanthrene (CigHyg) Wae
Pyrene (CygHo) IMNN1snAanyUdn Tanaeduiiduaseidunni Wothuuszyndldlunisade
ansUsznay PAHs uwiawwiia Iiaseuidudunssiusarududu 10 89 1000 wilunusiofiaddng
wazdimduuszansnisdadule (R oglutiag 0.994 - 0.998 Fsuanafamnududunseiia

lunsussdliudsgansamlunisgaduras Fe;0,@PANI-PSS/PAMAM-QGO ansnsauseiiiy

1#91nA" Enrichment factors (EFs) @sfunallaainaunsi 4.3
Enrichment factors (EFs) = (Vs/Ve) x % R (4.3)

Ty Vs fs USunauinsieeng = 10 mL
Ve Ap USunavedansazaneflddnsunisaedu = 5 mL
%R fB ANSPYALNNSAUNEU

o |

naunTaziuin @1 EFs geanvestangaduagd 200 dadumnendildannisnaaosda
TndiAea 200 snuiilng uansieTanfitmunduivssansnmlunisgaduuind uviidu Tagan
Auraluauisednuin Fes0.@PANI-PSS/PAMAM-QGO i &31A5129% 3 uanii 1en EFs d1mdu
Acenaphthene, Phenanthrene, Fluoranthene ag Pyrene L1y 195.22, 193.84, 185.55 lag
193.38 @MUAIRU KaZIINNITATUIUNIAITOEALNITAUNTUYDINTTAN A Extraction Recoveries
(ER%) Aaunsdl 3.4 wuinegfluting 93.6-98.3% MnaNIFUINTIae Il LanuITTanan

a L = 4

Fuilivszansamlunsgaduiid danugndes wasiinisgudsietsuuiangaduiisandnies
ity dwisunsdunmumiasifasaaesnsnsiate (LOD) muaunsii 3.1 wudiel LOD dwsy
Acenaphthene, Phenanthrene, Fluoranthene lLag Pyrene agjﬁl 4.25, 4.94, 2.33 kay 1.87 ullu
NSURDNAAANT AUEINU uaﬂﬂﬂﬂﬁiuﬂﬂiﬁwuamwf]ﬂamﬁwwmsuaq Fe;0,@PANI-PSS/PAMAM-
QGO (Q,) & 9fmurmanaun1si 3.5 1aa1 Q, A msunisana Acenaphthene, Phenanthrene,
Fluoranthene uag Pyrene AU 91.0905, 97.2564, 99.3337 Lay 88.5112 urlunsumeiiadniusi

ANGU AUERU NINTANWNIMNA AaidnyaziuvasTananduaulanmisd 4.3

q

54

INATHAUNTANNATU Fes0,@PANI-PSS/PAMAM-QGO dmsunisannansusenau PAHs

14 =

1875015 MSPE 1avinnsiUseuiisuuse@nsnmlunsitasiediuanuidedus aamisen 4.4 wuin

(%
v = 1

Nuifelfiganulusesnisidvinaiangadutios narlunisgaduiss Svnanududunsainiig

9

)~ Y A v vy
LLa%ﬂJﬂ’n&lgﬂ@]@ﬁﬂﬁJ@ﬂJﬁUlﬂ
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A51971 4.3 AudNYEIBITARARTY Fes0,@PANI-PSS/PAMAM-QGO Tumsafaansuszneu PAHs

Analyte Linear equation R? Linearity LOD?® ER® EFs® RSD
range (ng mL™Y) (%) (%)
(ng mL™) (n=4)
Acenaphthene y =970.77x + 25314  0.9937 10-1000 4.25 98.31 195.215 0.30
Phenanthrene y =4877.1x - 29613  0.9987 10-1000 4.94 93.63 193.84 2.10
Fluoranthene y =5225.1x-22495 0.9964 10-1000 2.33 9496 185.55 0.34
Pyrene y =4212.5x - 19085 0.9975 10-1000 1.87 96.51 193383 3.32

a = InFfincgalun1nsI9In Limits of detection (LOD)
b = UszAnSamlunisAundu Extraction recoveries (ER%)

¢ = Usgansnnlun1sgadu Enrichment factor (EFs)
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Sorbent Detection Analyte Sample volume  Absorbent Adsorption Linearity range Recovery (%) LOD (ng mL?)  Ref.
system (mL) dosage (mg) time (min) (ng mL?)
GC-MS [36]
Niacin@Co-MOF Pasteurized milk 5 25 3 0.078-200 88-104 0.038-0.078
Detector
Nickel Foam@SiO, GC-MS Chinese herbal [37]
10 120 2 20-2000 75.5-118.4 0.98-13.34
@Graphene Detector samples
Fe,0,@MIL-100 HPLC-FL Well, pond and (38]
20 10 10 10-200 81.4-126.9 0.032-2.100
(Fe) Detector river water
HPLC-UV Environment [6]
Fe;0,@GO 50 40 10 0.5-100 76.8-103.2 0.09-0.19
Detector water
GC-FID Water and food [39]
Spent Tea Leaves 5 5 12 50-1000 88.0-114.4 2.98-55.96
Detector samples
UHPLC-FL Waters and fruit [40]
Fe;0,@HKUST-1 20 25 5 0.01-0.75 75-94 0.8-12
Detector tea samples
Fe;0q4@Polymeric UHPLC-UV- Environment [41]
10 10 15 7.6-1522 81.6-98.5 1.92-13.6
nanoparticles DAD Detector water
HPLC-FL Environment [42]
Fe;Oq,@Carbon 1000 50 120 0.01-1 76-110 0.2-0.6
Detector water
Fe,O,@PANI- HPLC-FL Environment This work
10 10 10 10-1000 81.2-106.2 1.87-4.94
PSS/PAMAM-QGO Detector water
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4.6 m3fAnwimsinduanldsrveseumawiminulunederdfunaunedezilaeiiuaulawe
USuugeiensuaanlynnloudunan

TunsAn¥IANLEANLN5089 Fe,0,@PANI-PSS/PAMAM-QGO lunnsiinduunlden vilaeih
Sangeduilfuduiiuismeldannzufalulasiou wazhndumnldifusgadulunisadalmi 39
I@vhn1s@nenisldestonmn 10 ade luadeguil 4.22 99nuanisnaaestliiiuinfanqadu
Fe;04@PANI-PSS/PAMAM-QGO anansatiinaunntalvala Imaﬁﬂizmumi@m%LLazmsm&J%’Ufu
LivilassaivienmaudvesTaggeduideannly uazdndiafovaznsAunduiige fien
Lﬁlml,uummg’luﬁ'uﬁ'wé (%RSD) Weenia 5.35% Jeajulainianaadunndyu Fes;0,.@PANI-

PSS/PAMAM-QGO AWaunduiiiauanuisalunisiinduunldsleans 10 a5 iWussnatias

120

100 -

. I i 1 T I
N L 8 1.0 B I} -
Ll | v . B A } W
. 1 1 1 | 1 .
80 -
40 -
20 -
0
1 2 3 4 5 6 7 8 9 10

Cycle Number
SUT 4.22 n15tnauuld1nives Fe;0,@PANI-PSS/PAMAM-QGO dmTun1IATUPAHS: Lag

Recovery (%)
-3
[}

[

[

m‘mu@ﬂﬁl = Acenaphthene (Cy,H1g), I = Phenanthrene (Cy4Hyp), || = Fluoranthene (Ci4H;q) and

= Pyrene (C16H10)

4.7 muszgndldTanaadulumsafinaisusznou PAHs Tuuvssthdetng
sifedldusegndfliTanaadu Fe,0,0PANI-PSS/PAMAM-QGO fistamud u Tunsade
ansUsznay PAHs ludegreundai sovun 4 Uszian 1eun wndsthsssunnd dideanasideu ih
donnlssnugaannnssy wazknasihililunisauuay uasvhmsliengimanududufenios
HPLC-FD Ténadamsnedl 4.4 ainnsnaasswuindaegnanivhimumsuuideuvesansusznau PAHs
wazlilevimaiAansazaneunsg e sUsEnoy PAHs wilafineg instuanududuiiuiueu wui
I#rnfaaznishundueglutag 81.2-106.2 FauandliifuinYangaduiiiamiu ansaussgndld

TunsanaiiadasnzsiUsunaunsuueuresansusenau PAHs Tusiegnaasela
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WIEILNSTIYR wdsihilldluntsauuiau yideanlsaugaamngsy ydeainaiaizeu

Analyte Added Found Recovery Added Found Recovery Added Found Recovery Added Found Recovery

(ngmL?Y)  (ngmL) (%) (ngmL?Y) (hgmL?) (%) (ngmL?) (hgmL?t) (%) (ngmL?Y)  (ngmL1) (%)
Acenaphthene 0 ND? - 0 ND - 0 ND - 0 ND -

100 949 +26 955 100 99.7+1.0 99.7 100 98.6 +0.1 987 100 91.1+06 919

250 221+ 15 88.4 250 209.6+ 0.6 83.7 250 226.1+0.3 90.3 250 2451+ 1.6 98.0
Phenanthrene 0 ND - 0 ND - 0 ND - 0 ND -

100 108.2+0.7  106.4 100 87.1+0.1 90.0 100 973+23 979 100 102.1£ 04 1021

250 201.8+0.9  81.2 250 2655+ 0.6 106.2 250 264.6+ 0.4 105.7 250 2431+ 09 973
Fluoranthene 0 ND - 0 ND - 0 ND - 0 ND -

100 99.1+03 99.1 100 90.5+03 917 100 923+ 12 933 100 993+1.0 994

250 882+0.1 882 250 2377+ 1.1 949 250 2335+ 0.2 93.1 250 2172+ 1.7 86.4
Pyrene 0 ND - 0 ND - 0 ND - 0 ND -

100 94.6 +24 957 100 101 + 0.8 1014 100 87.1+0.1 89.8 100 885+0.1 909

250 236.6x£1.5  94.6 250 242 + 0.1 97.1 250 2211+ 0.1 884 250 246.8+ 1.5 987

@ ND = Not detected


Mobile User


90

4.8 nMsfnelalanaunisgadu
nsnwilelemennsgaduiilefnuimgAnssunisgaduresansusznoy PAHs uuiangadu
Fe;0,@PANI-PSS/PAMAM-QGO 11903 a31nn13ANIN1583 19N IHUIATFTIUNET 198801597
nafAnssunsgadu Ingldaunislelomeunuuandes (Langmuir isotherm) waglelginasiuy
W5 uAY (Freundlich isotherm) & 4@ nw1# Aa1utdudy 10-1000 lulasnsunedns @iy

Phenanthrene, Pyrene way 25-1000 lulasniunedns @13y Acenaphthene, Fluoranthene

¥ '
Y A N a

lalomaunaades auufigiund1dlidn Janiinunilunisgaduinie udazdumis azgadu
luanavesansgadulaiiios 1 luananseiseniinisiasesindutuies (Monolayer) dadulny

auns (4.9)

KLqmaxce

qe - 1+K1 Ce (44)

108 Quax HAAITIUTUIUNTAATUVRIRIONAATUUUNURI VIR IAATULUUTUAEIGIEA uaL
A1 K AseAsiivatandes naunsi [4.4] ansadaliegluslaunisidunsilalagldaunisi

(4.5) vizeaunsh (4.6)

C C 1
—e—_e 4 (4.5)
Qe Y9max  Gmax™L
%30
1 1 1
—= + (4.6)
e qmaxKLce Anax
° a Y 1 ] 1 1 Y Y Ao
ANAITNAFDIUIANUNTITN 4.6 UI1FTNTIVAUATITESNIN — Lhag — Q%lﬂﬂ'ﬁ'ﬁ/\lmu@]'ﬁﬂwuﬂfl
Y% Ce
L% 1 % 1 £ g.; 1 % 1 = % = [
AINUYULNINY LLa%ﬂqﬂmﬂI‘L«!LLﬂULLU?@NL‘Vnﬂ'U —_— Q’]ﬂﬂ'ﬁﬂﬂ‘iﬁ'ﬂ@lsﬂwmﬂﬂ']i@fﬂ‘?f'ULL'U‘ULLaQLlIEﬁ

qmax KL qmax

iéfﬁqgﬂﬁ 4.23
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ACE PHE
IR p
77 y-0057x+0.0023 -7
_- Ri=0.9736 © _y<0.3328x+0.0028
@ -7 = P R = 0.9978
= e _-- - .7
’ - WPle
Fd ad
0 0.1 02 03 0.4 0 06 07 08 0 0.1 02 03 0.4 05
1/C, 1Ce
FLU PYR °
.- ® .-
_ -7 y=04478x+0.0015 -7 y=-41831x-0.0148
\é‘ - -7 R*=0.993 \é) - 4 R? = 0.9909
3 o - = et
L7 R
o .-
» _-®
o ® -2
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
1/C, 1Ce

3UM 4.23 nsmuansiuudtaeslelameunisgadusuuiasAily Tunsgaduaisuseney PAHs fae

v
Y

MIRATU Fe;0,@PANI-PSS/PAMAM-QGO

lalemaungudy Insauuigiunailiin luanavesdigadueianizialauinnin 1 4u
(7 i v

(Multilayer) vuituinvesTangadu esanivesiangedulianulidudedoaiu awnsafnwle

Seauns (@.7)

q.= K Cl/m (4.7)

' - A ! a o a v v v [ [ < ' = =
AR K ApA1AIveIn1sgadu Innuduiusiunaenuiusy way n idurinmazianada
wsaNIIsEnsluanaTaiignaadumeiule 01 n Yaunit 1 uansinfiusanansevinaluanane
Fumieiues 01 n 1lnd 0 uansiiuivesiigeaduiianuliiduiefieoriugs Arnivedely
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A5197l 4.6 mfiwesvasuuaesloleneunsaadu PAHs AdeTan Fes0.@PANI-PSS/PAMAM-

QGO
Langmuir isotherm Freundlich isotherm
sample Ormax K, o2 Ke n o2
(ng/mg)  (mL/ug) ((ng/mg)/(ng/mL)""")
Acenaphthene 17.5439 24.7826 09736  15.6856 1.0401  0.9879
Phenanthrene  3.0048 118.8571 0.9978  3.4538 1.0953  0.9983
Fluoranthene  2.2331 298.5333 0.9930  2.4491 1.0546  0.9931
Pyrene 4.2211 62.3421  0.9909 5.0816 1.1234  0.9982
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ARTICLE INFO ABSTRACT

Keywords: An efficient magneto-adsorbent composed of polyaniline blend poly(amidoamine) dendrimers modified gra-
Polycyclic aromatic hydrocarbons phene oxide quantum dots and magnetic Fe;O4 particles (Fe;O04@PANI-PSS/PAMAM-QGO) for magnetic sol-

Graphene oxide quantum
Polyaniline

Poly(amidoamine) dendrimers
Magnetic solid phase extraction

id phase extraction (MSPE) of polycyclic aromatic hydrocarbons (PAHs) in environmental water was
synthesized. FezO4@PANIL-PSS/PAMAM-QGO exhibited exceptional adsorption property for most PAHs analy-
tes. The nanocomposite sorbent demonstrated a ferromagnetic behavior of 17.457 emu g~!, which is adequate

for subsequent use in MSPE. Key parameters affecting the processes of adsorption and desorption, including the
sorbent amount, vortex adsorption time, vortex extraction time, sample volume, a solvent for desorption and the
solvent volume were all examined and optimized. The performance of MSPE using Fe;04@PANI-PSS/
PAMAM QGO as adsorbent for four PAHs, including fluoranthene, acenaphthene, phenanthrene and pyrene
were studied through high performance liquid chromatography cquipped with spectrofluorometer. Under the
optimal conditions, l'e;O4@PANI-PSS/PAMAM-QGO showed a wide linearity of 10-1,000 ng mL™}, low
detection limit (LOD) ranging from 1.92 to 4.25 ng mL * and high accuracy (recoveries of 93.6-96.5 %).
Enrichment factors up to 185 were achieved. Furthermore, Fe;04@PANI-PSS/PAMAM-QGO exhibited good
recyclability (10 times, RSDs < 5.35%), while maintaining its high efficiency in the extraction of PAHs. The
proposed method was successfully applied for environmental samples. Recoveries ranging from 81.2 to 106.2 %
were obtained, indicating a low matrix effect and the robustness of the optimized MSPE method. Based on these
features and under the optimal extraction conditions, I'e304@PANI-PSS/PAMAM-QGO was demonstrated to be

a successful tool for the rapid and sensitive extraction of PAHs in the samples.

1. Introduction such as fossil fuels, wood, lumber, fats, foliage and tobacco [1]. PAHs
enter the environment through terrestrial and aquatic systems such as

Polycyclic aromatic hydrocarbons (PAHs) are classified as persistent soil, sediment, oily substances and particulate matter suspended in air
organic pollutants (POPs) which are composed of multiple fused aro- [2]. Humans are exposed to PAHs both directly and inclirectly including
matic rings. These compounds have been formed by a variety of breath, smoke, food and direct skin contact. Worldwide concern about
incomplete combustion processes involving carbon—containing fuels PAHs has increased due to their carcinogenic, mutagenic, disrupting
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their metabolic systems and teratogenic activity [3]. Recognizing their
potential harm, the United States Environmental Protection Agency
(USEPA) is designated PAHs as priority pollutants [4].

As a result, a reliable and sensitive method for simultaneous deter-
mination of PAHs is required. The common methods for PAHs detection
including high performance liquid chromatography coupled to diversi-
fied analytical detectors such as mass spectrometry (MS) [5], tandem
mass spectrometry (MS/MS) (6], diode array (DAD) [6,7], fluorescence
(FL) [8], variable wavelength [9] and gas chromatography - mass
specttometry (GC-MS) [3] or tandem mass spectrometry (GC-Ms/Ms)
[10], have been report. Residue concentrations of PAHs in various
environmental media are typically exceedingly low, rendering them
undetectable by conventional analytical instruments and presenting a
challenge for direct analysis. Consequently, an efficient sample prepa-
ration technique is imperative to overcome these limitations. Magnetic
solid-phase extraction (MSPE) has garnered significant attention for its
capacity in target analyte enrichment, clean up samples, and improve
sensitivity, especially for determining contaminants at trace concen-
trations in complex samples. Han et al. [11] evaluated graphene oxide
nanocomposites magnetic nanoparticles for solid-phase extraction of
polycyclic aromatic hydrocarbons from water samples. After optimizing
the conditions, acceptable recoveries were obtained for the environ-
mental water samples (the range of 76.8-103.2%) with the detection
limit in the range of 0.09-0.19 ng mL 1 Tong et al. [9] synthesized
MSPE of graphene oxide modified poly(amidoamine) dendrimers
(MNPs@PAMAM-G2.0@GO) for measuring PAHs in natural water
samples. The MNPs@PAMAM-G2.0@GO had a saturation magnetiza-
tion value of 36.50 emu g 1. The method had a high sensitivity for PAHs
in water samples, with LODs ranging from 0.11 to 0.9 ng L L
MNPs@PAMAM-G2.0@GO has provided a good material with a wide
range of potential applications for enrichment and determination of
other PAHs in water. Manousi et al. [3] synthesized polyaniline modi-
fied graphene oxide nanocomposite for MSPE (Fe30,@GO-PANI) of
PAHSs and nitro-PAHs from river, mineral water and tap water samples.
The Fe304@GO-PANI sorbent exhibited high enhancement factors in
terms of lower LOD and LOQ and high extraction recoveries. Although
numerous research of the synthesis and application of MSPE with GO,
PAMAM@GO and GO-PANI have been published, no study has been
reported for detecting of PAHs using the incorporation of graphene
oxide quantum dots modified polyaniline blend poly (styrene sulfonic
acid) bonded poly(amidoamine) dendrimers for MSPE applications.

Recently, the blended polymer with tailored functional moieties has
been identified as a suitable material for the PAHs analytes. [12].
Various polymer materials such as polyaniline (PANI) [3], polystyrene
[12], poly(amidoamine) [13], polydopamine [14] and poly
(4-vinylpyridine) [12] have been used to functionalize magnetic sor-
bents. Among these, polyaniline (PANI) is an appealing class of con-
ducting polymer with redox conductivity changes, excellent chemical
stability, and ease of synthesis. PANI possessing multifunctional groups
such as carboxylate (COO ), amino (NHF) and sulfonic (SO3) groups
demonstrates significant potential for the adsorption of PAHs. This is
attributed to the provision of multiple types of interactions between the
sorbent and analyte, including electrostatic interactions and hydrogen
bonding. Furthermore, the substitution of aromatic rings with COO ,
NH{,and SO® groups enhances the electron density on the ring through
the resonance donating effect, facilitating the establishment of n—n in-
teractions with PAHs. Considering the potential modes of interaction
between the sorbent and analyte, poly(styrene sulfonic acid) (PSS), poly
(amidoamine) dendrimers (PAMAM), and graphene oxide quantum
(QGO) emerge as compelling choices. This is because these materials
contain multifunctional groups, specifically SO3, NH3” and COO , on
the aromatic ring, thereby promoting favorable interactions with PAH
compounds.

In this work, a magnetic nanocomposite adsorbent was synthesized
for the purpose of enriching trace amounts of PAHs through MSPE
method. Subsequently, the enriched samples were analyzed using HPLC
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coupled with fluorescence detector. A novel structured magnetic nano-
composite, FegO4@PANI-PSS/PAMAM-QGO was successfully synthe-
sized in which polyaniline blend poly(styrene sulfonic acid) bonding
poly(amidoamine) dendrimers (GO, PAMAM) and graphene oxide
quantum dots (QGO). The structural of modified synthesized magnetic
nanocomposite adsorbent was characterized by numerous techniques,
including UV-visible spectrophotometer, Fourier transform infrared
(FT-IR), =zeta potential analyzer, X-ray diffractometer (XRD),
Field—emission scanning electron microscopy (FE-SEM), Transmission
electron microscope (TEM), Energy dispersive X-ray spectroscopy
(EDX) and vibrating sample magnetometer. To investigate the potential
of Fe304@PANI-PSS/PAMAM-QGO magnetic nanocomposite sorbent,
four PAHs of interest were selected as the model compounds. All the
experimental variables influencing the extraction efficiency were opti-
mized. Furthermore, the developed method was applied for detecting
PAHSs in environmental water samples such as swamp, ransport canal,
industrial wastewater and domestic wastewater.

2. Material and methods
2.1. Chemicals and reagents

Analytical reagent grade (AR grade) of aniline monomer (CgHsNH>),
poly(styrene sulfonic acid) (PSS), chloroform (CHCl), hydrogen
peroxide (H0,), hydrochloric acid (HCI), graphite, nitric acid (HNO3),
potassium permanganate (KMnO,), Iron (II) Chloride (FeCly), Iron (III)
Chloride (FeCl3.H,0), ammonia solution 30 % (w/v) (NH3OH), poly
(amidoamine) dendrimers (GO, PAMAM), ammonium persulfate
(NH4)»S,0g) and sulfuric acid (HSO4) were purchased from Sigma-
—Aldrich, Co., Ltd USA. HPLC grade of PAHs including fluoranthene 98
% (Cy6H10), acenaphthene 98 % (Cq,H;o), phenanthrene 98 % (Cq14H0),
pyrene 98 %(CgHyo), acetonitrile (ACN), methanol (MeOH), acetone
(ACT) and ethanol (EtOH) were provided by Sigma-Aldrich, Co., Ltd
USA.

The stock standard solutions (500 ng mL 1) were prepared by dis-
solving of each PAHs in acetonitrile and stored at 4 °C. The mixed
working solutions were freshly prepared by diluting the standard solu-
tion with acetonitrile and stored in closed container. Ulapure deion-
ized water (Milli-Q® EQ 7000 ultrapure water system) with a resistivity
of 18.2 MQ-cm at 25 °C was employed for the preparation of chemical
solution. All glassware was immersed in nitric acid 10 % v/v overnight
and washed thoroughly with deionized water before being used.

2.2, Instrumentation

UV-visible spectrophotometer (Shimadzu UV-1800, Kyoto, Japan)
with deuterium-discharge (D) and tungsten (W») lamp was used to
acquire absorbance spectrum. Fourier transform infrared (FT-IR) spec-
trum was recorded on IRTracer-100 (Shimadzu, Kyoto, Japan) spec-
trometer between 400 — 4000 cm ! using a standard KBr disk method.
X-ray diffractometer (XRD, Rikagu smartlab, Japan) with CuKo radia-
tion source (A= 0.15406 nm) in the 26 range of 5°- 80° was utilized for
crystal structure characterization. The micrographs of the as-synthe-
sized materials were recorded on Transmission electron microscope
(TEM, JEM-2010 model, JEOL Co., Ltd Japan) and Field-emission
scanning electron microscopy (FE-SEM, Hitachi S-4700, US). Energy
dispersive X-ray spectroscopy (EDX, IXRF systems, EDS2006 550i
Analyzer) was used for elemental analysis. The absorbents charges were
investigated using zeta potential analyzer (Zetasizer nano ZS, Malvern,
UK). Magnetization measurements were performed on a Lake shore
vibrating sample magnetometer (VSM, Lake shore, 7403, USA).

The separation of PAHs was carried out using a Shimadzu RF-20A
(HPLC-Prominance LC-20 series, Shimadzu, Kyoto, Japan) system with
quaternary pumps capable of pressures as high as 1100 bar using C18
capillary column (4.6 mm x 150 mm x 5 pm particle size, GL Sciences,
Japan) with precolumn Pelliguard LC-18 (4.0 em x 10 mm x 5 pm
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particle size). The chromatograph was equipped with SIL-20A(HT)
valves with a 5 to 50 pL injection loop and detectors of RF-20A In-
finity multichannel fluorescence detector (FD). Data were acquired and
processed by LabSolutions software version 5.92. The separation was
achieved through gradient elution using acetonitrile (solvent A) and
water (solvent B) as the mobile phase due to its compatibility with
reverse-phase chromatography. The separation was performed at 30 °C
with flow rate of 1.2 mL/min and injection volume of 25.0 uL. The
gradient separation system commenced with a solvent A composition of
50 %. Subsequently, the solvent A proportion was elevated to 100 %
over a duration of 19 min and maintained for a 3-minute interval.
Finally, before starting the next run, the solvent A composition was
decreased to 50 %. PAHs detection was carried out using the following
excitation/emission wavelengths: 280 nm excitation and 360 nm emis-
sion of acenaphthene, 250 nm excitation and 450 nm emission of fluo-
ranthene, 280 nm excitation and 360 nm emission of phenanthrene and
250 nm excitation and 400 nm emission of pyrene.

2.3. Synthesis of Fe;04@PANI-PSS/PAMAM-QGO nanocomposite
sorbents

Magnetite FegO,4: The magnetite FegO4 was synthesized by chemical
co-precipitation approach [3,15]. Firstly, FeCl,84H,0 and FeClze6H,0
with the mass ratio of 0.35:1.00 were dissolved in 100 mL of deionized
water. After that, 10 mL of 30 w/v NH3OH solution was then added
dropwise under continuously stirred for 20 min within a closed-system
reactor. The mixture solution was heated at 90 °C under N, atmo-
sphere for 1 h. Following the completion of the reaction, the obtained
dark brown precipitate was formed. The magnetite Fe3O4 was subse-
quently isolated using an external magnet and then washed repeatedly
with deionized water until neuwral pH. Subsequently, the magnetite
Fe304 product was dried by freeze-dried and kept in desiccator before
used.

Polyaniline blend poly(styrene sulfonic acid) (PANI-PSS): PANI-PSS
was prepared following the method reported by our research group
[16]. Briefly, 10.0 mM of PSS and 5.0 mM of APS dissolved in 1.0 MHCl
were mixed to a final volume of 100 ml. A 30 ml of 10.0 mM aniline
monomer was slowly added to the above suspension under vigorous
stirring. This process resulted in the formation of a green water-soluble
polyaniline blend PSS at the interface within a few minutes. The solution
was maintained in a 4 °Cregulator for 24 h without being stitred. Upon
completion, the PANI-PSS solution was separated from the organic
chloroform solution.

Graphene Oxide Quantum Dots (QGO): QGO was prepared according
to the previous report with slight modification [17]. In a typical syn-
thesis, the mixture containing 5.0 g of graphite and 5.0 g of NaNO3 was
mixed in 250.0 mL of sulfuric acid. The mixed solution was stirred
vigorously in an ice bath for 30 min. Black coloring product was ob-
tained. After 30 min, 30 g of KMnO4 was added slowly while the mixture
was being kept below 10 °C and maintained another 2 h to ensure an
adequate reaction. Greenish brown product was obtained. Next, 500 mL
DI was added into a 1000 mL three-neck flask containing greenish
brown product. The mixture solution was heated to reflux at 90 °C for 6
h. A 50.0 mL of 30% (w/v) Hy0, solution was added dropwise into the
suspension to reduce the remaining KMnOy,, changing the color to bright
yellow. Eventually, the suspension was centrifuged at 7000 rpm for 5
min to collect the supernatant of graphene oxide (GO). The collected
graphene oxide was dried at 60 °C after washed several times with DI
water until the pH was neutral. For the synthesis of the QGO, 0.05 g of
GO was redispersed in 50 ml DI water under sonication for 30 min to
produce a colloidal suspension. HySO4:HNO3:H,0, with the concentra-
tion ratio of 1:4:1.63 M was added to the GO colloidal suspension. The
colloidal suspension was heated via microwave oven to 450 W for 10
min. Finally, the QGO product was obtained. Dialysis tube with the
molecular weight cut-off 14,000 Da (Sigma-Aldrich, Co., Ltd USA) was
used to remove impurities and acid ions of QGO.
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Magnetic solid-phase extraction of graphene oxide quantum dots
modified polyaniline blend poly(styrene sulfonic acid)-poly(amido-
amine) dendrimers (Fe3O4,@PANI-PSS/PAMAM-QGO): Fe304@PA-
NI-PSS/PAMAM-QGO was prepared based on electrostatic
layer-by-layer assembly method. First, 7.1 ml of 0.175% w/v PANI-PSS
and 7.0 ml of 0.05% w/v PAMAM dendrimers were dissolved in 15 ml
deionized water at 30 °C. The combined solution underwent continuous
stirring at a rate of 400 rpm for 30 min in a dark atmosphere. Then,
0.03%w/v of dispersed QGO was introduced under vigorous stirring for
10 min. In this step, the dark blue solution was observed. After a few
moments, 20 mg of magnetite Fe3O4 was incorporated into the reaction
system under ultrasonic conditions of 450 W for a duration of 30 min.
The synthesized Fe3O4@PANI-PSS/PAMAM-QGO magnetic sorbent
was isolated using an external magnet and washed repeatedly with
deionized water until neutral pH. The Fe3gO4@PANI-PSS/PAMAM-QGO
magnetic sorbent was dried with freeze-dried for 48 h and kept in a dark
container.

2.4. Sample collection and preparation

Four different environment water sources including swamp, trans-
port canal, industrial wastewater and domestic wastewater were
collected from various locations close to the Ladkrabang neighborhood,
Bangkok, Thailand. Each sample were treated by filtering through a
Whatman No 42 filter paper (CHM™, Barcelona, Spain) and 0.22 ym
pore size nylon membrane filter (CNW Technologies, China), respec-
tively. The sample were kept at 4 °C in a dark container until analyses.

The evaluation of matrix effects (MEs) for the selected environment
water samples is indispensable for MSPE process. Nevertheless, these
MEs of PAHs have not been exploited to study due to PAHs detection was
carried out using HPLC equipped with spectrofluorometer system.
HPLC-FLD is highly selective and sensitive for PAHs detection.

2.5. Magnetic solid-phase extraction (MSPE) procedure

The MSPE procedure for PAH extraction was developed using the
magnetic FesO4@PANI-PSS/PAMAM-QGO sorbent. To adsorb the
target PAHs analytes, 10 mg of magnetic sorbent was mixed into the
sample solution and left to soak for 10 min in an ultrasonic bath. Sub-
sequently, the target analytes magnetic Fe30,@PANI-PSS/
PAMAM-QGO sorbent was isolated using an external magnet before the
supernatant solution was decanted. For the elution step, A 10 mL
acetonitrile was used as the desorption solvent for removing PAHs from
the sorbent for 30 min. After passing through a 0.22 um pore size nylon
membrane filter (CNW Technologies, China), the PAH residue was
introduced into the HPLC system.

3. Results and discussion
3.1. Material characterization

The magneto-adsorbent of polyaniline blend poly(amidoamine)
dendrimers modified graphene oxide quantum dots and magnetic Fe3O4
particles (Fe3O @PANI-PSS/PAMAM-QGO) was synthesized according
to a very facile chemical method as shown in Fig. 1(A1-3). The main
chemical interaction was based on the couple of Layer-by-Layer (LbL)
electrostatic self-assembly and hydrogen bonding interaction. When
considering the LbL deposition of magneto-adsorbent, sufficient elec-
trostatic charges must be present at their surface for stable adsorption.
Firstly, negatively charges of polyaniline was synthesized by interfacial
polymerization technique.

The information is provided in the Supporting Information (Fig. S1).
Poly(styrene sulfonic acid) (PSS) was used as a proton source for the
dopant and provides the necessary counterions to the developing
negatively charged polyaniline. PSS has a templating effect over PANI
due to strong electrostatic alignment between the -NHZ groups of the
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polyaniline backbone and the -SO3 groups of PSS. In this research,
concentration ratio of PANLPSS with 10:10 mM was employed to water
soluble products of PANI-PSS. The zeta potential value ({) value of the
PANI-PSS showed higher negative values with the increase of pH values
(Fig. S2) with pKa value of 8.4935+0.0229 (Fig. S3). The FT-IR was
used to confirm the attachment to functional groups of the PANI-PSS
structure. As shown in Fig. 2A, the primary distinctive peak of the
PANI-PSS FT-IR spectra are visible at 1004 cm and 1039 cm 1 for the
antisymmetric-stretching and symmetric-stretching vibration of
—-803 groups of PSS, respectively. Furthermore, the absorption peak at
1400 cm 1, 1662 cm 'and 1180 em ! corresponding to the C = N bond
stretching of quinoid structure, the C-N bond stretching of benzenoid
structure and the stretching of the C-H bond with aromatic - PANI
conjugation, respectively. The evidence indicates that PSS was suc-
cessfully incorporated into PANI and therefore serves as a promising
candidate for blending with poly(amidoamine) dendrimers (PAMAM).

Because the purpose of this work was the deposition of PAMAM
dendrimers on the surface of PANI-PSS by taking advantage of elec-
trostatic interaction between amino groups (-NHF) of PAMAM den-
drimers and -SO3 groups of PANI-PSS. It was necessary to optimize the
PANI-PSS adsorption by turning the amount of PAMAM dendrimers.
Fig. S4 displays the UV-vis absorbance of PANI-PSS incorporated with
various PAMAM dendrimers concentration (0.01, 0.03 and 0.05%w/v).
It can be seen that after the functionalization of PANI-PSS with PAMAM
dendrimers, UV-vis absorbance characteristic at 817 nm of polaron
transition (quinoid) and bipolaron transition (exciton) of PANI-PSS was
found to decrease. A new absorption peak was observed at 616 nm. In
Fig. 2B, the FT-IR absorption bands at 1004 cm 1, 1404 em 1, 1502
em land 1633 cm !were observed for PANI-PSS/PAMAM, which were
assigned to -8Os stretching, C — N stretching, N — Hbendingand C= O
stretching, respectively. Additionally, the zeta potential at pH 8.5 was
observed with the objective to investigate the material surface charge
during the PANI-PSS/PAMAM synthesis. The ¢ value of PANI-PSS/
PAMAM was decreased from —35.37, —34.40, —27.67 to —21.47 mV
upon the addition of PAMAM dendrimers concentration from 0.00, 0.01,
0.03 and 0.05%w/v, respectively. The decreasing in { values confirming
the charges of PAMAM was oriented around PANI-PSS through elec-
trostatic attraction. These results proved that PAMAM dendrimers
functionalized PANI-PSS through an electrostatic interaction.

Polyaniline blend poly(amidoamine) dendrimers (PANI-PSS/
PAMAM) modified graphene oxide quantum dots (QGO) was prepared
through a one-step synthesis by mixing of QGO suspension with PAN-
1-PSS/PAMAM solution. The QGO synthesized information is provided
in the Supporting Information (Fig. S5). Herein, PANI-PSS/PAMAM can
self-assembly on QGO directly through hydrogen bonding interaction
between oxygen containing functional groups of QGO and imino (=NH)
groups of PAMAM dendrimers. The modification of QGO onto the sur-
face of PANI-PSS/PAMAM was confirmed by the FT-IR spectra. As
shown in Fig, 2C, the band at 1293 em ' and 1388 em ! are associated
with the stretching of the —NH, groups and C — N. The new bands also
appeared at 3444 cm ! (~NH-), 1631 cm 'and 1558 cm ' (—CONH-)
and 1390 em ! (—CH,—) which demonstrated that the QGO have been
modified onto PANI-PSS/PAMAM.

Finally, PANI-PSS/PAMAM—QGO was incorporated with magnetic
FegO4 particles to form magneto-adsorbent FesO4@PANI-PSS/
PAMAM-QGO by using ultrasonic—assisted co—precipitation tech-
nique. Magnetic Fe3O,4 particles has been embedded onto PANI-PSS/
PAMAM-QGO nanocomposite without using any molecule binders or
linkers. It is well known that oxygen functional groups on the surface of
QGO including hydroxyl (—OH), carboxyl (—COOH) and epoxy (-0 —
C) plays an important role in the formation of QGO and magnetic Fe3O4
composite [18]. The epoxy ring of QGO in PANI-PSS/PAMAM—-QGO
nanocomposite open due to the formation of bond between epoxy O and
Fe atom leads to the formation of FegO4 nanoparticle embedded PAN-
I-PSS/PAMAM—QGO. The successful synthesis of magneto-adsorbent
Fe304@PANI-PSS/PAMAM—-QGO was verified by the FT-IR spectra in
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Fig. 2E. The formation of Fe—O on FegO4@PANI-PSS/PAMAM—-QGO
was confirmed by two vibration peaks located at 559 em ! and 624
em 1 The FT-IR spectrum of FegO4@PANI-PSS/PAMAM—-QGO also
contains both Fe—O stretching vibrations at 617 em ' and 576 em
which are characteristic of FegO4 (Fig. 2D). Weak peaks were observed
at1039 cm and 1404 em ! due to antisymmetric—stretching vibration
of SO3 and stretching of the C — N bond of benzenoid structure of
PANI-PSS, respectively. The bending bands (associated with amine
groups) at 1514 cm ! could be owing to N — H of PAMAM dendrimers.
The physical adsorption of PAMAM dendrimers onto the PANI-PSS
surface has been confirmed through observed spectrum. In addition, the
peak at 1637 em ! were related to stretching vibration of C = C due to
the sp? carbon skeletal network (aromatic rings) of QGO. Therefore, this
FT-IR experimental results confirmed that surface modification of
magnetic FegO4 on PANI-PSS/PAMAM-QGO was successfully
achieved.

Fig. 3. shows the XRD pattern of the magnetic FegO, particle and
prepared magneto-adsorbent of FegO4@PANI-PSS/PAMAM-QGO. Ac-
cording to the XRD pattern of FegO4 particle in Fig. 3A, the diffraction
pattern with 26 values of 30.21, 35.48, 43.31, 57.08, and 62.77 corre-
spond to the (220), (311), (400), (511) and (440) crystallographic
planes were found, respectively. Based on these observations, the crys-
talline structure of FegO4 particle was found to be in agreement with
JCPDS card nos. 19-0629 [3]. Furthermore, similar diffraction peaks at
30.22, 35.60, 57.37, and 62,80, signifying the (220), (311), (511) and
(440) crystallographic planes of Fe3O4@PANI-PSS/PAMAM—QGO, was
observed (Fig. 3B). Therefore, Fe304@PANI-PSS/PAMAM QGO was
successfully prepared on the crystalline Fe3O4 surface, as confirmed by
the XRD pattern.

In addition, the synthesized Magnetic Fe304@PANI-PSS/
PAMAM—QGO was further characterized by FESEM. The magnetic
Fe304 particle in Fig. 4A was spherical in shape, with a nairow size
distribution ranging from 6.25 to 42.74 nm and a uniform morphology.
The Energy dispersive X-ray spectroscopy (EDS) showed strong in-
tensity of Fe and O of 18.924 and 81.076%wt., respectively. Compared
with FegO4@PANI-PSS/PAMAM—QGO (Fig. 4B), the aggregated parti-
cles were found due to incorporating the linkage of polymer metric
formation around magnetic Fe3O4 particle. The EDS spectrum (Fig. 4C)
indicates the presence of C, N, O and Fe with the concentration of
14.538, 0.659, 29.919 and 54.884%wt., respectively. Consequently, the
FESEM micrograph results which were obtained the successfully
blended PANI-PSS/PAMAM—QGO on the surface of magnetic FesO4
particles.

A vibrating sample magnetometer (VSM) was used to evaluate the
magnetic sorbent characteristics of the synthesized Fe3O4@PANI-PSS/
PAMAM-QGO at ambient temperature with an applied magnetic field
(H) of £10,000 Oersted (Oe). Fig. S6 shows the VSM images, a narrow
hysteresis loop with a saturated magnetization value of FegO4 was
103.430 emu g 1 and the saturation magnetization value of
Fe3O4@PANI-PSS/PAMAM—-QGO was 17.457 emu g 1, which
confirmed the nanocomposite magnetic sorbent exhibited ferromagnetic
behavior. Although the magnetization value of FegO4@PANI-PSS/
PAMAM-QGO was significantly reduced than that of FegO4 particles,
but the magnetic strengths of these magnetic sorbent materials was
sufficient for application in the MSPE method.

3.2, Optimization of MSPE

The FesO4@PANI-PSS/PAMAM—QGO sorbent high extraction per-
formance could possibly be explained by the larger number of active ©
bond that strongly bind PAHs compounds during MSPE process (Fig. 1
(A4)). The adsorption mechanism was mainly based on n-1 interaction
with benzene ring of PAHs and Fe304@PANI-PSS/PAMAM—QGO sor-
bent. The hypothesized adsorption mechanisms were found agreement
with the literature [3,7,9,13,19]. To enhance the detection sensitivity of
the proposed MSPE, a number of extraction efficiency parameters such

108


Mobile User


R. Karaket et al

Jownal of Chromatography A 1717 (2024) 464668

. ®

H—\""0—5. J\/ . b
07 N A3
4 y N0
. Stirred under dark + : NH ] - ) )
atmospherc HN—"wii0 Stirred under dark  Ultrasonic-assisted
r v h precipitation technique

30 min 10 min

n

by 0
0P AN, 1
P H—N"..0—! ‘
+ [
BN ~urko o
Ad N &X
PAHs ’ A
=
n
s

Dispersion of Fe;0,@PANI-PSS/PAMAM QGO into PAHs sample
(Left) before
(Right) after magnetic separation

Fig. 1. (A1-3) The synthesis of MSPE of Fe;04@PANI-PSS/PAMAM-QGO nanocomposite and (A4) Adsorption mechanism of the proposed MSPE process.

O-H and N-H stretching

E P e o e
C=C stretching N-H bending

= i C-Nistret Fe-0 stretehing
= O-11 and N-I stretching ok C-H stretching
= o ' ' !
PR ' '
2 ' o e 3 AN
PANI-PSS/PAMAM-QGO
] \\ ! O o 15=0 bending
E §=0 stretching
B
g
]
£
=
A

Fe;0,@PANI-PSS/PAMAM-QGU

€=C C=0 and C=N stretching C-H stretching

| S=0 bending
0 stretching

x .
! C-Nstretching
N-I bending

N-H stretching

wgs

' ' 1
3900 3400 2900 2400

¥ T 15-Obending
! CNstretching 1 S20 siretching
‘ CoNstrctohing 41 yietching
1900 1400 900 400

‘Wavenumber (cm)

Fig. 2. FT-IR specttum (A) PANI-PSS, (B) PANI-PSS/PAMAM dendrimers, (C) PANI-PSS/PAMAM-QGO, (D) Magnetite Fe;O, particles and (E) MSPE of

Fe;04@PANI-PSS/PAMAM-QGO.

as sorbent amount, sample volume, adsorption time, desorption solvent,
desorption duration and desorption solvent volume were tuned to
improve the detection sensitivity of MSPE. The study examined the ef-
fects of experimental circumstances on extraction efficiency using 10 mL
of spiked conventional PAHSs, such as pyrene, fluoranthene, phenan-
threne, and acenaphthene at a concentration of 500 ng mL !, The
extraction efficiency in term extraction recovery was evaluated by the
peak areas obtained from the HPLC equipped with fluorescence detec-
tion. There were three iterations (n = 3) of each optimization
experiment.

3.2.1. Effect of sorbent amount

The impact of varying sorbent amounts of 5, 7.5, 10 and 12.5 mg on
the extraction efficiency of PAH compounds was examined. Additional
experimental parameters were maintained at a sample volume of 10 ml,
a vortex adsorption and desorption period of 30 min and a desorption

solvent of 10 ml of acetonitrile. As shown in Fig. 5A, the extraction ef-
ficiency for all PAHs compounds increased dramatically when the sor-
bent amount was increased from 5 to 10 mg and eventually reached the
maximum plateau, indicating that the adsorption equilibrium had been
attained. As a result, 10 mg of FegO4@PANI-PSS/PAMAM—-QGO sor-
bent were thus selected for use in the research that followed.

3.2.2. The influence of vortex adsorption time

The duration of adsorption is a crucial factor that impacts extraction
effectiveness, since it is closely linked to the duration of interaction
between sorbents and PAH analytes. Adsorption time ranging from 5 to
30 min was investigated for adsorption of PAHs on FegO 4@PANI-PSS/
PAMAM-QGO sorbent. The following experimental settings were
maintained: 10 mg of sorbent, 10 mL of sample volume, 10 ml of the
desorption solvent and 30 min of vortex desorption period. In Fig. 5B, at
10 min the target PAH recovery percentage was almost at the maximum.
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Fig. 3. XRD pattern of (A) Magnetic Fe;04 and (B) Magnetic Fe;0,@PANI-PSS/PAMAM-QGO.
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Fig. 4. FESEM of (A) Magnetite Fe; O, particles, (B) Magnetic Fe;O4@PANI-PSS/PAMAM-QGO and (C) Energy dispersive X-ray spectroscopy (EDS) elemental maps

(C, N, O, and Fe) obtained from magnetic Fe;O,@PANI-PSS/PAMAM-QGO.

Because the adsorption and release were in a dynamic balance during
the vortex process, the% recovery slightly decreases with further
extended adsorption period. Consequently, a 10 min adsorption period
was chosen.

3.2.3. The influence of vortex desorption time

Vortex desorption time of 5 to 30 min were used to investigate the
desorption efficiency of PAHs on FesO4@PANI-PSS/PAMAM-QGO
sorbent while fixed the other experimental conditions using sample
volume of 10 ml, sorbent amount of 10 mg, vortex adsorption of 30 min
and 10 ml of the desorption solvent. The obtained extraction time pro-
files are presented in Fig. 5C, as the desorption duration increased, the

percentage recovery (% recovery) of the target PAHs rose and peaked at
30 min. Thus, 30 min was chosen as the vortex desorption time for PAHs
on Fe30 4@PANI-PSS/PAMAM-QGO sorbent.

3.2.4. The influence of desorption solvent

To attain a high extraction efficiency, it was imperative to utilize an
appropriate organic solvent for the desorption of PAHs from the
Fe304@PANI-PSS/PAMAM—QGO adsorbent. Desorption solvents with
different polarities including acetonitrile (ACN), methanol (MeOH),
acetone (ACT) and ethanol (EtOH) were examined for the desorption
efficiency of PAHs. The following other experimental parameters were
set: 10 mg of sorbent, 10 mL of sample volume, 10 min of adsorption
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elution volume and (F) Effect of sample volume: where . acenaphthene (C;2H;p), . phenanthrene (Cy4H;g), . fluoranthene (C,¢H;0) and

(C16H;0). The error bar represents standard deviation of three replicated measurements.

time, 10 ml of desorption solvent, and 30 min of vortex desorption time.
The acquired results are shown in Fig. 5D. Acetonitrile exhibited
stronger desorption efficiency than other desorption solvents. PAHs are
lipophilic and non-polar compounds, thus a stronger solvent which is
relatively non-polar or a weakly—polar was provided the high efficiency

pyrene

to desorb the PAHs from Fe3O4@PANI-PSS/PAMAM-QGO sorbent.
Acetonitrile is a weakly-polar solvent (ACN: relative polarity = 0.46),
C=C molecular can establish n-r interaction with benzene ring of PAHs,
thereby augmenting the recovery efficiencies of target PAHs. For ref-
erences: Methanol (MeOH: relative polarity = 0.762) and ethanol
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(EtOH: relative polarity = 0.654) are polar solvents. Decrease in the
recoveries occur from the insufficient dispersion of the magnetic mate-
rial used for eluting the target PAHs from the MSPE sorbents. Although a
weakly polar solvent, acetone (ACT: relative polarity = 0.355) is un-
suitable as a desorption solvent due to its rapid evaporation at room
temperature.

3.2.5. The influence of desorption solvent volume

In order to enhance the extraction efficiency of the intended pro-
cedure, the desorption solvent volume was varied between 3 and 15 mL.
The following additional variables were held constant: the amount of
sorbent (10 mg), the sample volume (10 mL), the adsorption time (10
min), and the vortex desorption period (30 min). As a result, shown in
Fig. 5E, when the volume of the desorption solvent was raised to 5 mL,
the% recovery of target PAHs increased marginally and then gradually
decreased. This may be due to the dilution effect of desorption solvent
volume. Consequently, 5 mL of the acetonitrile desorption solvent was
selected for further studies.

3.2.6. Effect of sanple volume

To improve the extraction efficiency, the sample volume is a crucial
element, which permits the examination of a reduced analyte concen-
tration in the actual sample medium. Therefore, the range of 10 - 60 mL
was examined for the influence of sample volume on extraction effi-
ciency. The remaining experimental settings were maintained at 10 mg
of sorbent, 10 min of vortex adsorption, 5.0 ml of the acetonitrile
desorption solvent and 30 min of vortex desorption time. As shown in
Fig. 5F, it is definitely seen that the% recovery of PAHs at 10 mL allowed
complete desorption of the PAHs target analytes from adsorbents and
decreased as the sample volume increased from 20 to 60 mL. One
possible explanation for this could be because an insufficient homoge-
neous dispersion of the sorbent in larger volume of the samples [20]. As
a result, 10 mL of sample volume was determined to be the ideal
circumstance.

3.3. Analytical performance of the Fe30,@PANI-PSS/PAMAM—QGO
nanocomposite based MSPE

The method was validated using external calibration, subjection
aqueous PAHSs standards to the entire FesO4@PANI-PSS/PAMAM—QGO
nanocomposite based MSPE. As indicated in Table 1, the most crucial
analytical characteristics including linearity in the working range, pre-
cision, sensitivity, and recovery of the method were assessed for the
identification of PAHs. The characteristic chromatogram and calibration
curve of 4 PAHs samples including fluoranthene (C;¢Hj ), acenaphthene
(Cy5H10), phenanthrene (C14H;0) and pyrene (Cq¢H; o) were exhibited in
Fig. S87. Each PAHs compound showed good calibration graph linearity
in the concentration range of 10-1000 ng mL ', with coefficients of
determination (R?) ranging from 0.9940 to 0.9980. The enrichment
factors determined using the subsequent equation: EFg = (Vo/V,) X% R
(where V is the sample volume (10 mL), V. is the elution volume (5 mL)
and% R is recovery in percentage), were within the range of
185.55-195.215. For acenaphthene, phenanthrene, fluoranthene, and
pyrene, the proposed method limits of detection (LODs: S/N = 3, where
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S was the standard deviation of the intercept and N was the slope of the
calibration curve) are roughly 4.25, 4.94, 2.33, and 1.87 ng mL 1,
respectively. Meanwhile, the performance comparison of the proposed
Fe304@PANI-PSS/PAMAM —QGO nanocomposite based MSPE for PAHs
detection with other previously reported MSPE was presented in
Table 2. Sample volume, absorbent dosage, adsorption period, linearity
range, and limit of detection (LOD) were all used to compare the per-
formance of the suggested nanocomposite based MSPE. These results
indicated that our newly developed MSPE method could achieve low
sample volume, small absorbent dose, low adsorption time, acceptable
recoveries and wide linear calibration range. The LODs of this MSPE
were not provided higher extraction efficiency than those obtained for
other previously methods [21-23], but also significantly improvements
in the method sustainability.

The adsorption capacities of acenaphthene, phenanthrene, fluo-
ranthene and pyrene on magnetic FegO4@PANI-PSS/PAMAM—QGO
sorbent were optimized under ultrasonication of 10 mg of MSPE in 250
ng mL ! PAHs. Following adequate extraction and elution, HPLGC
employed fluorescence detection to measure the analyte residual
quantities in the supernatant. The adsorption capacity was calculated
according to the equation Q, = [(Cp - Ce) X V] /M, where Q, is the
amount of PAHs adsorbed onto unit amount of adsorbent (ng g 1), Cols
the initial concentration of PAHs (ng mL 1, C, is the equilibrium con-
centrations of PAHs in aqueous solution (ng mL 1), v is the sample
volume of PAHs (L) and M is the amount of magnetic sorbent (ing).
The adsorption capacities of magnetic Fe3O4@PANI-PSS/
PAMAM-QGO sorbent for each PAHs compound including of ace-
naphthene, phenanthrene, fluoranthene and pyrene were found to be
91.0905, 97.2564, 99.3337, and 88.5112 ng mg 1 respectively. The
obtained adsorption capacities were higher than previously reported
MSPE i.e., 9.57, 8.74 ng mg !, respectively for acenaphthene, phenan-
threne in environment water samples [24].

3.4. Recyclability of Fe;04@PANI-PSS/PAMAM-QGO sorbent

To examine the recyclability of the prepared of Fe3O@PANI-PSS/
PAMAM-QGO nanocomposite sorbent, the sorbent was dried and re-
used after being repeatedly eluted with acetonitrile and ultrapure
water. Following the ultrasonication of 10 mg of MSPE in 100 ng mL !
PAHs, HPLC was used to examine the targeted PAHSs reproducibility. The
extraction efficiency, defined as the recoveries in percentage of all PAHs
was shown in Fig. 6. The results demonstrated that within 10 cycles of
magnetic sorbent, the PAHs could be kept almost constant with favor-
able repeatability. Following that, all PAHs extraction efficiencies pro-
gressively decreased less than 5.35 % recoveries. Thus, with no
discernible decline in extraction efficiency, the FesO,@PANI-PSS/
PAMAM-QGO nanocomposite sorbent shows good reusability for up to
10 times.

3.5. Analysis of real samples
The detectability of the Fe3O4@PANI-PSS/PAMAM-QGO nano-

composite sorbent towards PAHs was further investigated by examining
a variety of environmental samples, including transport canal, swamp,

Table 1

Analytical performance of proposed MPSE of Fe;0,@PANI-PSS/PAMAM-QGO method.
Analyte Linear equation R? Linearity range LOD* ER® (%) EFs® RSD (%)

(ng mL %) (ng mL %) n=4)

Acenaphthene y =970.77x + 25,314 0.9937 10-1000 4.25 98.31 195.215 0.30
Phenanthrene y =4877.1x - 29,613 0.9987 10-1000 4.94 93.63 193.84 2.10
Fluoranthene y =5225.1x - 22,495 0.9964 10-1000 2.33 94.96 185.55 0.34
Pytene y = 4212.5x - 19,085 0.9975 10-1000 1.87 96.51 193.383 3.32

a Limits of detection (LOD).
b Extraction recoveries (ER%).
¢ Enrichment factor (EFs).

112


Mobile User


R. Karaket et al

Jownal of Chromatography A 1717 (2024) 464668

Table 2
Comparison of the proposed method for the analysis of PAHs.
Sorbent Detection system Analyte Sample Absorbent Adsorption Linearity Recovery LOD Ref.
volume dosage (mg) time (min) range (%) (ngmL %)
(mL) (ng mL )
Fe;0,@GO HPLC-UV Detector Environment 50 40 10 0.5-100 76.8-103.2 0.09-0.19 [111
water
Spent Tea Leaves GC-FID Detector Water and food 5 5 12 50-1000 88.0-114.4 2.98-55.96 [22]
samples
Fe;0,@Polymeric UHPLC-UV-DAD Environment 10 10 15 7.6-1522 81.6-98.5 1.92-13.6 [23]
nanoparticles Detector water
Niacin@Co-MOF GC-MS Detector Pasteurized milk 5 25 3 0.078-200 88-104 0.038-0.078 [25]
Nickel Foam@SiO; GC-MS Detector Chinese herbal 10 120 2 20-2000 75.5-118.4 0.98-13.34 [26]
@Graphene samples
Fe;0,@MIL—100 HPLC-FL Detector Well, pond and 20 10 10 10-200 81.4-126.9 0.032-2.100 [271
(Fe) river water
Fe;0,@HKUST-1 UHPLC-FL Detector Waters and fruit 20 25 5 0.01-0.75 75-94 0.8-12 [28]
tea samples
Fe;0.@Carbon HPLC-FL Detector Environment 1000 50 120 0.01-1 76-110 0.2-0.6 [291
water
Fe;0,@PANI-PSS/ HPLC-FL Detector Environment 10 10 10 10-1000 81.2-106.2  1.87-4.94 This
PAMAM-QGO water work
120
, | '
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Fig. 6. Recyclability of magnetic Fe;0,@PANI-PSS/PAMAM-QGO on the adsorption of PAHs: where . acenaphthene (C;2Hjp), . phenanthrene (C14Hp),

. fluoranthene (C16H;p) and

industrial wastewater, and home wastewater. To decrease the influence
of the sample matrix, matrix-matched calibration graphs were utilized.
The accuracy and reliability of the approach was established by an
exhaustive assessment of the% recovery. The% recovery experiments
were performed by HPLC equipped with fluorescence detection with two
different concentrations of PAHs compound (100 ng mL ! and 250 ng
mL 1) spiking into real environmental samples. Table 3 represented the
measured results from the actual sample analysis. Target PAHs were not
identified in any of the actual four environment water samples. The%
recovery of the spiked samples were obtained in the range of
81.2-106.2 %. In a variety of real water sample matrices, the Fe30,@-
PANI-PSS/PAMAM-QGO  nanocomposite sorbent-based MSPE
approach has been demonstrated to be an effective sample preparation
procedure for PAHs at trace levels.

pyrene (Gy¢Hip). The standard deviation of the three duplicated measurements is shown by the error bar.

4. Conclusions

In summary, we successfully synthesized MSPE of Fe3O4@PA-
NI-PSS/PAMAM-QGO nanocomposite sorbent to boost the excellent
adsorption property for most PAHs target analytes in environmental
samples. The developed magnetic sorbent may preferentially capture
the target PAHs due to n-n stacking interactions, which are made
possible by the hydrophobic moiety on the sorbent providing effective
interactions among the examined PAH compounds. Utilization of small
amounts of solid sorbent (10 mg) provided high extraction efficiency for
PAHs compounds when compared with the ordinary adsorbents.
Moreover, the herein reported magnetic sorbent can be used repeatedly
at least 10 times. Good analytical features were provided by the opti-
mized MSPE method for the identification of PAHs compounds in water
samples from the environment with the limits of detection (LOD) of
4,25, 4,94, 2,33 and 1.87 ng mL ! for acenaphthene, phenanthrene,
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Table 3
Analytical results in real environmental water samples.

Jownal of Chromatography A 1717 (2024) 464668

Analyte Swamp Transport canal Industrial wastewater Domestic wastewater
Added (ng  Found Recovery Added (ng  Found Recovery Added (ng  Found Recovery Added(ng  Found Recovery
L. b (ng %) L. ) (ng @) L. %) (ng o) L b (ng @)
mL %) mL ) mL 1) mL )
Acenaphthene 0 ND* = 0 ND* e 0 ND* e 0 ND* s
100 94.9° 95.5 100 99.7 +£ 99.7 100 98.6 + 98.7 100 911+ 91.9
+2.6 1.0 0.1 0.6
250 221 + 88.4 250 209.6 83.7 250 226.1 90.3 250 245.1 98.0
1.5 +0.6 +0.3 +1.6
Phenanthrene 0 ND* - 0 ND* - 0 ND* - 0 ND* -
100 108.2 106.4 100 87.1+ 90.0 100 973+ 97.9 100 102.1 102.1
+0.7 0.1 2:3 +0.4
250 201.8 81.2 250 265.5 106.2 250 264.6 105.7 250 243.1 97.3
+0.9 +0.6 +0.4 +0.9
Fluoranthene 0 ND* - 0 ND* - 0 ND* - 0 ND* -
100 99.1 + 99.1 100 90.5 + 91.7 100 923+ 93.3 100 99.3 + 929.4
0.3 0.3 1.2 1.0
250 88.2 £ 88.2 250 237.7 94.9 250 2335 93.1 250 217.2 86.4
0.1 +1.1 +0.2 +1.7
Pytene 0 ND* = 0 ND* o 0 ND* - 0 ND* -
100 94.6 £ 95.7 100 101 + 101.4 100 871+ 89.8 100 885+ 920.9
2.4 0.8 0.1 0.1
250 236.6 94.6 250 242 + 97.1 250 2211 88.4 250 246.8 98.7
+£15 0.1 +£0.1 +15
# ND: Not detected.
fluoranthene and pyrene, respectively. With the RSD below 2.6%, the References

satisfactory recoveries between 81.2-106.2% were attained. Therefore,
our synthesized MSPE based on Fe3O4@PANI-PSS/PAMAM-QGO
nanocomposite sorbent may provide a novel effective substance for
extraction utilized during sample preparation of PAHs in environment
water samples.
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