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Abstract

A simple colorimetric spot-test method for quantitative determination of Fe (II) utilizing
a digital scanner has been developed. A 10.00 ML of sol-gel solution doped with
orthophenanthroline was dropped on a filter paper. A sample was mixed together with
hydroxylamine hydrochloride and 10.00 L of this solution was applied on the reagent spot. The
orange color of Fe (II) — phenanthroline complex on paper was recorded using a digital scanner.
The images were digitized, and the red (R), green (G), and blue (B) values were investigated.
Calibration curve was obtained by plotting Euclidean Distance (ED) or reflectance against the
concentration of Fe (II) solution from 10.00 to 100.00 mg.L". The linear equation; y = 0.00139x
+0.02860, (rz =10.9971) and 0.48 — 1.65 % relative standard deviation were obtained. The method
was successfully applied for analysis of iron in tablets. The t-test between the proposed and AAS
method was showed no significant difference at 95% confidence level (n = 5; t_,_ .., = 2.24 and

=2.77).
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2.1 NIZVIUMS I Ba-192 (sol-gel process) [1]
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- = 3 o ] a ,
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hydrolysis
Si(OR), + H,0 ——  HOSi(OR), + ROH (1)
esterification
Tashi R Ao Tsmounsodunus

4
ROH o Lipanogoa

d i ' - - = d A
uaziite Tuianank s lalas lagauds awnsafamsivonTesvea Tuanada

4 ' gl r - .,
13NN "Ugﬂsmmuuuu " (condensation reaction)

water condensation
(OR),Si-OH + HO-Si(OR), e (OR),Si-O-Si(OR); + H,0 (2)

hydrolysis

alcohol condensation
(OR),Si-OR + HO-Si(OR), _— (OR),Si-O-Si(OR), + ROH (3)

alcoholysis

y = fed A 5
M3 2.1 uansaunuanieu Humanadu

Alkyl Alkoxy

methyl *CH, methoxy *OCH,

ethyl *C,H; ethoxy *OC,H,

n-propyl *CH,CH,CH, N-propoxy *OCH,CH,CH,
iso-propyl H,C(-C)HCH, iso-propoxy H,C(*O)CHCH,
n-butyl *CH,(CH,),CH, n-butoxy *O(CH,),CH,
sec-butyl H,C(«C)HCH,CH, sec-butoxy H,C(+O)CHCH,CH,
iso-butyl *CH,CH(CH,), iso-butoxy *OCH,CH(CH,),
tert-butyl +C(CH,), tert-butoxy *OC(CH,),
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UgnsermrumiuszainTuanavuiaidaneenuuilunanaos'ld ivu dinse
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upanoeod Fulfisenumiviiawisaiiavu 1dedwdeiiiouioads Tuanafifivuialng
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YU FAFuMIRA0RMINa1IN “wedlwe I (polymerization)



2.1.1 Ufidenlalasloda

- an a 3 a w1 aan ]
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' ¥
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4 7 i
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Aagui 2.1 wazna lnvesmainad§nso luannzdnsnsanazive uaaslddade 1yl

TETRAETHYL
ORTHOSILICATE

————

_____

IMMISCIBLE
RikEk 60__10%

30
MISCIBILITY 1o

20 LINE 'y 80__5_%_

10 MISCIBLE 90 i
AREA
0 100
100 90 80 70 60 50 40 30 20 10 O
WATER

ALCOHOL

|

4 s ) L = aa g
U 2.1 dedunlalaezunsy 3 Spninvesnnszieiiane Indaing viuaz 95% ueansged

Nguwql 25 saruwaiFoe



na lnmaifalgnsevesnnsansa; s2

o RO_ OR OR
H R 3
RO‘-;Si—S—R +  HOH === :0\)31-/-----( — —srOR + ROH (@)
RG H Or (H \ 2
OR + H
na lnmaiialfisevesdusaum; s,2
RO OR
- / =
RO—si-0—R + OH HO--Y§{OR | === —§OR & OR" (5)
/ N
RO R \
OR

2.1.2 U§nsenmivniy

UiisomumhaiiumaidenTosTuanaiding desulilugjiudroniuss lraoniay
(siloxane bonding) Tuannzaszaihuea &yt Tavd§itensaumiveziiaodn
aoiiloefifn pH 2 f9 8 N138zA70 (dissolution) st dmumsudada (gelation) v liiAan
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uazmaiinlumsdunsizd Taos lva-a uaasluzui 2.3

2828292 Solvent
0000000 g i
g 44 Extraction
Uniform Particles o Gel Aerogel
0'}" . =
{ Ei& Ef é N @“’qo
-:\\\\\\\\\\\\\\ Evaporation
Xerogel Film of Solvent
Xerogel
Fibers
Heal
Heat Films: AR Glass Ceramics J
Sensor Sealing Glasses
m Catalytic Catalyst Supports
AN N Dielectric Fiber Optic Preforms
Dense Film Protective Controlled -Pore Glasses

Dense Ceramic

317 2.3 matialumsdunsizv Taeis Tya-ia
2.2 mstamaFadeuniiasznnes Influuuinsaunvlesewman an 2]

leoouman () sawiuee I Ingdu (orthophenanthroline) v I msftiAuasdy

. ¥
WumsiFdou Femumnsouaasmainaljizon 1ddai

Fe'(ag) + 3PhH <—= Fe(Ph),” + 3H' @)

a g
gas InssadnvesmsiFadouman (1) oo Inluuu Insau Hudsil

[ T2+

71 2.4 TnssadnvesmsiFadouveunanives Intluuu Insdu

1 L - ~Aan ; 1 l o d. -
MOATINTING (K) voulaseulinuiny 2.5 x 10° Aguugil 25 essuwaidoa 1n
' i o vak - rf
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1 pH Yszanm 3.5 meilosunmsanaznouveandounasiiaveuran wu indeweaa



o - Y o - =1 g
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tsazareldiduleeowwin () 1Feneu Tavve 1 laasenleariiulalasnaelsd
(hydroxylamine hydrochloride) %30 181a3A3 Ty (hydroquinone) Fvead 51T doUIZNI N
looowman (1) uazaaTn’i“luuuTmEuwaQﬁmﬂm:Ummum
A d . - = an A
uanlessunitluersunsnaen (interference) TumsnnSuimveunand 10551
asazawazans ilid vie luil lesoudarneinazimin wihlifanz nousutioudan 14
du'lovouvoannaiion () Usen (1) uazdanzd an e iifaanFadourutionudn

e = o Y A et 8 a oA w o o = -
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2.3 ngmigﬂnn”msawmmﬁa:aw (Bouguer’s law 1122 Beer’s law) [2]

A ° ¥ et = A & 1
lNﬂN"I‘LIﬂ'I!.Lfl"u‘l]'lul'llclul"h'ﬂﬂﬂﬂ'ﬁﬂﬁ’liﬁ&ﬁﬂ'ﬂl 'BzLﬂﬁﬂ'l‘iﬂﬂﬂﬁuuﬁﬂ'UulﬂuﬂN?f'.l'u
o =] - § 1 1 o - o -
uaznasnuveans gadsldunmsazarelifuundiu dagali 2.5 ndanuvenasi
' Y = ' a v & Y
pnaromIviunms Famsszanansoriu ldnnaviedesiuegiu Tnseainves Tuanaves

o L

ﬂyl J 4 d
AIUULAZVUNUFNANUEIATUVDIE e

——T AT T ST AT TR )
AMAIVUIUUBITITIAY) e

ANUEIVBITAGgANAuIaIiA MM (e £)
JU 2.5 urummuEAIMsgAnauIaIYeImIAzMB TUAIIAA (cuvette)
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[ ] ci LY ar o
nasavesdwauduliuuidalasumsannsznuiu W Taead (photocell) Tu
NUIUATIVIA (detector) BATIAIUTLHINNAINIUVDISAINANNTENVUAZWAIIIUVDA
BMAINAWNUIYARTONI “NIIMATAUANT " (transmittance, T) TavinAvzuanaludnyuy

founy (percent of transmittance)

T : )

=5
' - 1 - 1 4 4
Aol log guFUYOY = fiD AWDUYDIHNS (absorbance) uNUAIY A

A=Iog%= —log T (9)
[ 5 P,
AU A=log= (10)
tdmuald ¢ funudutuvesasiigandunaslumsazate
b Wunuenvouwad g eI (optical path length)

AUNHUDI Bouguer log % = k,b (11)
mungueuies (Beer's law) log% = kyc (12)

a o
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ky  idwinandasunusiavesssndudganauumalumsazais ¥aanau
vosumiiumazaNududuvesamsiiludganduua
T - T dad o - ' A
k;  dumnsidsiunuriiavesmsiiudiganduuaslumsazais ¥aenau

YOI NHIUUAZAINEIVOIFAANA WA IHIY
3’: @ = o 4‘
nnngaresTImnue 14 ngnmisgandunasvesaslumsazane Al

P,
log™ = kbe (13)
A = kbc (14)
Tunsdin ¢ Amireduniudedns k Foni “weuweFun3f " (bsorptiviy Mo

1 . [l o oA - ] aa
extinction coefficient) nAnsAN ¢ vvdudluTuanedns k veiSenn “Tvarfuovveiuinin "

' o o]0 a = 3 2
(molar absorptivity, €) Wagvzimiduiiu Tua ' Asrudmas” (1 mol’.cm™)

A = ebc (15)
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2.4 YANATDUNIATHIN (on-site monitoring test kit)

yanagounnauy Taona ldudrilyalszasdine1ddmivnmsnaaounions
Ains1ea1sit 180 (onssite) Wiomwaumswaalulssugaamnssy #263ms
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(qualitative analysis) Tiamnsnmnldins e udaFun'l4 (quantitative analysis) 39719
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4. vheuazmsiniidieg 7114 sedosdinnuaiios o l¥amsomy 134 unany
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2.5 32UV (Color system) [4]

~ o o a ned 3 - 1 1 q < q ¥V o
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(= - =] o o/ g -
lifimsuaasdlamsvusenmezuaaaily “@d1 mndnnduaananiouiu szmuduu
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2.5.1 RGB (Red-Green-Blue)

o ' { a
Huszuuanlszneudionid 3 & Ao Fuad (Red) W69 (Green) naz@riniu (Blue)
4 o | ' Vo o ¥ ' o - 1
e T HEANHAIUAY FaFnilen wlimFTnIny 256 sEAY (A 0 - 255) T TiRAdANY
a - o 4 o 1
VUIDABUNNUABTUIND 16.7 BT (256 x 256 x 256) Fa IndiRwanuFRa UL aiiy 1ded14
A A r_ns () 9/ ) 9 et ¥ A 0 o o
Unaai ldnnmanaudyuegiuanuduvesd Tasdratinnuduann werimnwnauiuezsi
o a - - o~ o = = -
TWinailudud B3 enszuudNN “mINauFnUYYIN " (additive) FINWUNTWFLIVY RGB

neranAegli 2.6

U 2.6 uaAHUAME LY RGB

2.5.2 CMYK (Cyan-Magenta-Yellow-Key)

=i adg Ve A - s o o A o oo A 4
Wuszuudnldnuszumniesiminfiuieonnanszaunio g suduq 44
Usznoudvdvan 4 & A #H1 (Cyan) F1291A3 (Magenta) Finaoa (Yellow) Liaz & (Black
130 Key) 1iiorhmnmaunuazinadiludea uave lidadin iftesnnuiiniuiduiinomli
a £ =1 = o - 4 :
vignsvaullu mswand@uvvay (Subtractive) MENMIIRATYOITTVVLAD NilnTWilaez
) =) & v o - U = - L=
ganauuaanng wils udrasteunduesnuuiuddieg i Fhaandunmsvesdiog uds
= - ‘g a = o Ve o
gioueonmnitumiitu Fanzduna ldhdnazdousenmziludndnvesszuy RGB M3

e luszuuiimssiudumaiiad Tuszuy RGB umunwduny CMYK nrasdagilii 2.7
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Keu; (Black]) . Pty

Ui 2.7 uaaauHuMWELILY CMYK
7] o ¥ \ an
2.6 HANMINNUVDINARINUMNATADA [5]

dauilszneuvesndestiunmiindnmaianuruReanundeafldu 35 SLR wie 35
Ui 1A03 (range finder) H19MauIuanioTus i ifisAndoadronwdsneasiu lidoald
Wdudwam ndesdwnmasaeave 1¥8unauiye3 (image sensor) HAZHUIBAIWTINT©
TiR0a0I39 (media storage) UNUTZVLIAN Fadm5zneundnveandesdonmasneaiiy
Uszneudsaud dumumyes Feawoann unadaned YuniugurdniazseuganIn
udihmihiisouuas Taoigfuuag (aperure) Fagunsnlfuvnalduaadunnidedos
Lm:ﬁEm,nwuumm%’ﬁmﬁ'ﬁﬁ'vmmﬁmmwhumuﬁuaz;%’mmwzns:wuwuwa% Fane
Uszwdanarunszuiunisvesmsadun il ndasaeauas dedeyadsnoaiu 1145

winNuTvedndes Ay annsaaginszuiunsvesndesdionmAvaeasagilii 2.8

Viewfinder

Incoming Light Image Sensor

JUN 2.8 ugtasumun MMsNuYeIndesdtaoa
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wanmsveamsiianmiudail u.i"}ﬂum"lﬂmﬂiswufﬂqﬁwdwmw ugdIzaion
Whandsndeadionmaiasariuaud Faaudimhiismuaas Idfayada ldadums
e furlaanaaiiuamia T s iR dyyiunm Fawzdaluddnlszanana
Wnaoiudeyanmasaea mimiuszih ity 13 lumizeanwsveandes

Bumauye3 Fgnuaneenumawiuuvaoriaiinvazdeauaz 14 unsiann
et Fuihwailiowialvvesndes iesvinimhiunuidui oo sunas
(light sensor) uandnmsnne maudasuaslfiiunszua i imfuduurnasga Abc
vi3efi3endn “4/D" (analogue digital converter) envaanszua ih¥iia analogue 1
dyguyiafInea ?;mw«'nzqnu.ﬁua;i“lu;ﬂwﬂﬂﬁ'ﬁﬁnammzqnﬂizmawaﬁﬂﬂ"n"ﬁ‘lu
A Tulwiuduusannyeiivarriiadoiu

CCD Sensor (charge coupled device) I uBumvauires i 14iulundesdonmisaoa
Tugausng wdnnsves ccp Ao TalaTon (photodiode) aguu ccp fidnuaziiluasig
(grid) T Ta'laTearharuTaeduTaou (photon) voauaa udunlaseenuuilusnainaa
(pixel) woamw Midoaves I lalaleallunmsFsammmdnnisnaudiZondt “nissaiteed
Y89 CFA" (color filter array) Tavi T 1ale Toavzuen1iieh uaafuilanieanauazam
Wnaramniu Tignnsouen 18 duuedla uaite Wndeaiudinnwiua 18 Sedonsnd
e eonaniu Tasliiaasazd hlannsznu cop fnenyaiu msldinseuaaoniiy
9 AemalHurunsonas (filter) #a199 Medoudhanthume cep Ferensidoaduuy CFA
Wameiaiiion 194 1 lundesdinenszdunauaysedudeielames RGBIaviouaad
AULAUNT BaUEanszNY CCD o yalaq My Idaauuduns o i;miy'uc] HagNMLIARY
Qﬂﬁuﬂ?aﬁmma ilotnsuiuduiinyadsuq ﬁazﬁﬂﬁ;ﬁﬂmwﬁﬂsmgmﬁauﬁmm"fl

oo - 1 o -
udiuuaan maivesves I lalaTeanazurunseudanuy CFA uaasdsgilii 2.9

Image S ensop

CFA fil ter

Ui 2.9 msiisaves T Tala Teauazuriunseuaauuy CFA
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o

2.7 uIdeNne Ve

=5}

a

1] L] J
2.7.1 MmddennetedlumsdmnzrinfSnavedlesewman

aw a1 1 aw o - a ¢
INNSANEINUITENHINL WUNTNUITETIRININRANEIMTUATIEH I 00
A ) 1 L 1 -
yos'looouman Funaiianldlumsasiatamu matinan)nIns I Tawns [2,9, 13, 14, 15,
= - ar = oa o a o
16] matinezaoudnuovyed wiumn Ins Il Tawm3 [10, 11, 13] matasudanwsdwales
=) =Y - é
nau-unenla Tnswns [17] matiaddn Tas WS &a [18] uazmaiia Traunumms [19] ¥4
= o aan & Y] o &
matianaainln Ins I Tanmierdemsyingiservesfiannueinudany lesouman el
a a g A ¥ o o 1 - P e SR a a0
MAMIIFIFOUNTT uaihimsianmimganduuasvesndaanuniinaiu iumaiaiie
- a [ : o - e, [ o 5 =
uazHenldiuedisndevang msiawnsoinl§isonuloesumaminiivainnareyi
o/ ] 1 =1 = o aan LY o = - o dq ¥ v
onded 1 00 InWuuu Insdummsavilgnieduleeeuman degniadiveylugy
g a a i ] 4
Toeouman () nanua udunaidlumsFadounamisoganauuasldinnuerindu so8

w1 Tumas [2]

2.7.2 middeninervesnuyanaceuiazMINeNUNANINIIIA

o 1 1

- : L] ﬂwl L o
MINMSANEINITIREIN wuhmnhyanaaoun i Waiien1dlumsasieia
Tudguamdins iz udauiteueduinoiswieiauuie 19as93aluFafuw
a o = 4 Y Hq ¥ I a ) o " '
AN [1] Feensasaunldadeganaaemiviivinnenaisiia sndrotrawu Tea-iva
A J L) o o
[7, 8, 20, 21] 10990 Iya-vacusoyugdifluiuiduuuaziamefudumasn'lda 34
o o a ° tI a4y - & ¢ A o /o |aaa  w
unumMsAnEINS lva-a yuveswmIfiaafaenua Wesenuanljnienyleoou
o él a d a 9 Adaa & Y w2 Y ada &
vounan uaanalumIFIFouNIF Favrdesiuiinnannuidudnnavuuazssanunaly
@ o = (4 - ¥
JUmaENEN N ANMIANAMARTHIOANMITTLOZNNUUVYARA (Euclidean distance) [20] AN

o ' 4 T | a
msswnunaitiummsaziouuaa [6] e lhid 19 1devulunudnuniiding e
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mﬁ’; 3
MIAUPUUNUIVY

3.1 msndinazgunsal

3.1.1 Mnd

1. n3a laTasnae3n (Hydrochloric acid; A.R. grade — Fluka)

2. NSAFANIIN (Sulfuric acid; A.R. grade — Carlo erba)

3. TAoNTFINTA (Sodium citrate; A.R. grade — Carlo erba)

4. 19n5210Na00 INFaINa (Tetraethyl orthosilicate; A.R. grade — Acros organic)

5. 'ln3eiu 1904 100 (Triton” X-100; A.R. grade — Fisher scientific)

6. vlsmnloooy (Deionized water — Milli Q)

7. 00 InWuunInsduluTulamse (Orthophenanthroline monohydrate; A.R. grade —
Carlo erba)

8. ilomuoals1eIni1 (Absolute ethanol; A.R. grade — Carlo erba)

9. uou Tuitlouesaammanys 181a5a (Ammonium ferrous sulfate hexahydrate;
A.R. grade — Ajax finechem)

10. lensonlwariinlalasnan15d (Hydroxylamine hydrochloride; A.R. grade — Carlo

erba)
3.1.2 in3esilonazgunol

1. nd099anssMIBIANATOUIILTDINTIA (Field Emission Scanning Electron
Microscope: FE-SEM) fiudinn TuTad Tanzuaz faquyiana, TMEC

2. m"simmﬁam 1i§)’wmi‘a‘ ¢IMY (Thermal evaporator): Auto306, Edwards

3 m‘%‘mmﬂnim M Tnfined (Spectrophotometer): Jasco V-630

4. 13 sz AvudnuouYe I NTuan Tns T Tafined (Atomic absorption
spectrophotometer): AA680, Shimadzu

5, Iﬂ‘%mﬁlﬂﬁﬂlﬂﬂg (pH meter): Model type 827, Metrohm

6. m‘%aﬁqamﬁnﬂ 5 AWMU (Analysis balance): Model type BP 210 D, Sartorius

A
7. INTOINUNUINOS (HP all-in-one deskjet F735)



16

8. NADINIWNINAIADA (Sony Camera A-330)

9. NITAIYNIDI (Whatman No. 2)

10. m'%"mmum.imﬁﬂw%’ DULNINIU (Magnetic stirrer): Model type 728, Ecochemie

L I.ﬂfi‘muﬁ”.l (Glassware laboratory)

12. FOUANENTAUAUIAE (Spatula stainless)

13. gouesinil (Oven)

14, UNUIMANF M UAINEIT (Magnetic bar)

15. TuTastUnlavuia 10.0 - 100.0 TuTnsdns (Micropipette): Model type PW100, Witeg
16. luTasthavuin 0.50 - 10.00 TuTnsdns (Micropipette): Model type PW10, Witeg
17. suansudmiuiunnszaunso

18. 919%4a 1Y
3.2 YUABDUMSAUHUNIUIVY

3.2.1 Anwdnvuzuazgliganamouuunszaty
3.2.1.1 MSW3oNITaza1oNInI§Iu
3.2.1.2 mawsenasazais Isa-nalnearves Inwuuu Tnsau
3.2.1.3 ‘;ﬁmﬂﬁauuuﬂs:mmmu?{mﬁﬂu (rectangular test)
3.2.1.4 ANATOUUUNTZAIUUUYA (spot test)
3:2.2 ﬁﬂmszuuﬁm‘i’wﬂﬁewunszmuummﬂ (paper spot test)
3.2.2.1 szuv Tra-naiodeee Influuu Tnsau (sol-gel system)
3.2.2.2 svuvee Inuuu Insduazae ludnhazaseniueasianmh
3.23 Anmnnududuiinnzauvesss niluu Tnsduluszu Tva-wadmiuya
naTPUUUNTEMBLLLYAd T UATIvIAS I Tosewman (1)
3.2.4 Anwgunsaiuaz Tsunsudmfuasniannuiduivosgaduuganadey
UUNIZATHIVLYA
3.2.4.1 Anvgunsaldimivasieiannududvesyafuuyananoy
UVUNILAMUVLYA
3.2.4.1.1 NADINWAINATADA (digital camera)
3.2.4.1.2 3 0eainuILe7 (scanner)

3.2.4.2 AmnTlsunsudmivasaniannuidudvesyaduuganadeu

VUATEAHIVUYA



dnlnnomyanas nazsomndraanazlly i1

3.2.4.2.1 Adobe Photoshop CS2™
3.2.4.2.2 Image J™
3.2.43 AnwAnuazBoafinnzaudmiumsaununin
3.2.5 QUENYUZNINMENNYBINLAINTZ MY A MV YANATOULUNTEATY
3.2,6 ANMINTTWIUHAAINMUITULE (light intensity)
3.2.6.1 ANWUANANAMVUNAS (Euclidean distance RGB)
3.2.6.2 ANsAzROUAY (reflectance RGB)
3.2.7 AnwslFauvesganaaeuuunszamIUUYA (working range)
3.2.8 AInTimedauazifounanuITaasgIu (validation)
3.2.8.1 mydnngideiadianiniuiiisngmin
3.2.8.1.1 muatoumeaiianimiuiisgman
3.2.8.1.2 Mawioumsazmedaniiingmidndmiuganagouuu
NILAMHVUYA
3.2.8.1.3 MIINTITHAIDEAWYANAROVVUNTZATHILLA
3.2.8.2 MIMYUNANUITUINTF I (validation)
3.2.8.2.1 MIW3UNATALAWNIATIY
32822 mawoumotadaniaiuiiisgmin
3.2.8.2.3 Myiamganauues
3.2.9 Anwiegms IFuganaaeuuunsEABLLLYA
3.2.10 WannwazUSnljulssiniamganadouuunszauuuuga
3.2.10.1 aANSEUIUMIIAZTURB UM AT RI06 Teoumdn (1)
3.2.10.1.1 szuuyanaaeuvunszavuuuyaluszuy Tva-naide
oo Tnfluuu Insdunazifusuddadauuyanaaoy
3.2.10.1.2 szvumsazatsTsa-waidooe Intluwu Insdufinaud a9
3.2.10.1.3 'nmmuﬂizﬁnin1w‘yﬂmﬁauuuﬂsm1mmuwﬁ
ﬁ'mmﬁmﬁunﬁwﬂnﬂﬂanuunszmuuunqﬂgﬂuumﬁu
3.2.102 Yfnljalszaninmvesyanadouuunszawuuuyadmiy
Sinsizriaaesalesoumannanvedlooowman an uaz lessuman
3.2.10.2.1 MIATHUATAZAWNIATTIY
3.2.10.2.2 naapuilszANSnwganaeUUUNSEMHIULYAIHE

- o o o -]
AnTzimazansgIv leooumannauvedleosuman (1) uaz leoowman ()

122991
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ad o a
3.3 IBAUHUHMINAADY

3.3.1 Anmndnyaznazjlirayanageuuunsymy
3.3.1.1 MINTENTITALABHNIATFIU

1) msazawlmasndmiatutuiesas 25.0 (wiv)
¥ lwRoudmsan 25.0 5y azawdaninsann leooumlaluviaia

¥ 1 o
Suasvuia 100 Hadans UsulSuiasdreinsaninleoou wer lvidhdu

2) miazawlaasenlemiivlalasnaelsaituduonas 10.0 (wi)
3 v
¥41lansonloariiulalasnanlsdut 10.0 N azarwdrurin)sieein leoou
100 Hadans uduAvmsazae ImAouFmsaduiudovas 25.0 (wy) asluaisazareleasen

-

laaniiuleTasnaslsanm pH iy 4.5

3) msavanenialalasnasinnudy 0.10 Tuans
anmsazaionialalasnaniniiudy 8.20 Taaans ldluvinialSuas

- _-ay -7 g ) o/
YA 1000 Haaans ud15uiSunsdreniseein looou e Iy

4) msazaeannsgvlesewmdn (1n) iiudu 1000 HadnFudeans
vaoy TudlsumeTadammena: lamsa 7.0200 n$u laluidnines aza
¥ a aa H a Y = a aa
ailsenleseu 50 Tadans mimin BuasazatnsasanIIntuty 1.00 Tadaas

1 L3 oy -y Y g L s
mlaluviadalSuasvua 1000 Sadans YsulSumsaeinsiannleesu wei sy

5) myazawmnsgivleseuman (1) dmFvadunsnhnasgv

Unlamsozareninsgiulesouman (1) anududu 1000 Tadniudedns
9142 0.00, 1.00, 2.50, 5.00 uag 10.00 Hadaas laasluviaiatSiasvuia 100 Haddns
wumsazawleasen laarilulelasnaelsdiduduiosaz 100 (wi) $1uaw 1.00 Taddns
Ysusinasdoismeinleseu wiridhiu v Idmsazamnasguleeowman an i

AU 0.00, 10.00, 25.00, 50.00 AT 100.00 HaAnTuADARS AWEIRY
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3.3.1.2 mamlsumsazaelva-waemessInluuuinidu

Inlamisazaivmnsziofiaon Indaing 2.00 dadans asludninefvuia 10
fadans mhdiamsazatonsalelasnaesnidudy 0.10 Twar 1.00 Hadans AuooTn -
HuwuTnsdu 0.0100 ndu fazaredrediiazawonuealsnnimii 2.00 fadans 110y
woalasiudnd 100° asludinnedidu 7 wea udrfuniumsazarwsumsazaroifhuile
182U (homogenous) 191a15ant 1 %9 Tua 92 1¥esazare Tva-naidodvee Tl -

Tnsawduduovas 0.20 (wiv)

3.3.1.3 YANAROUUNNIZAMMIVLMNALY (rectangular test)

Winszaunseaue’ 2 dalldvuia 50.0 x 10.0 Tadwns waslumsazare
Tya-wadedivo0 Infliuu Insdudududovas 0.20 (wiv) fdon1801ndo 3.3.1.2 Uszim
20.0 Hadmasidunm s Sl vmiuiue 3 utalszana 30 wii

NAADUMIINAMTFOUUUNTEATY PUYANANOUUUNTL ALY TN ALY
asvumsararonasgiu lesowman an fnaudud 0.00, 1.00, 2.00, 3.00, 4.00, 5.00,
10.00, 2000, 50.00 1z 100.00 FaAn3urpdns Ay a1 ¥dnajuszanm 1 wril tudin

#amsifasun/asdvesganagovuunseamuuumvaoy

3.3.1.4 YANANDUUUNIZATMULLYA (spot test)

weamsazais laa-waiodvoe Inluu Tnsdudududovas 0.20 (wiv) i
wion 1801040 3.3.1.2 $119m 10.00 'l TAsAns asuunszAEnTENLD] 2 Mimiufiauo1 131
ualszanm 30 i

NATOUMINAMIITIFOUIUNTZAIY Hoamsazaemasg i looowman
() At 0.00, 10.00, 25.00, 50.00 az 100.00 FaAn3urodns 10.00 lulasdns asuy
vinumeamsazawTra-naietld e 3dnagUszina 1 wii vuiiaanisndeunlasi

VDIYANAADUUUNTEA LA
3.3.2 AnMszUUMMTUYATOUUUNTZABIVLYA (paper spot test)

3.3.2.1 szvvlva-wawenues I nfluunuingau (sol-gel system)

mamssNgANAToUVUNTzAEIULYA Tuszuy Tea-naitodrvoe Tniliuu —
InsAududuiosar 0.20 (wiv) WuiReatude 33.1.2 vimiu idomsazaeiuilederty
ud2 humeaauunsEaenseuued 2 $11au 10.00 Tulnsans faer 13 aszanm 30

Wi v Idyganaaeuuunszaugaszuy Tva-naiodve0 Tnfluuu Insau
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NATOUMTINAMSITNFOUUYANATOULLUYA TAvIAAITAZAILIATIIY
loooumdn (1) finamududu 0.00, 10.00, 25.00, 50.00 uag 100.00 Hadniudedns S
10.00 14 Tas@ns asuuuinuveassazate Tva-1a ﬁum"lﬁ’ﬁﬂﬂ;'ﬂszmm 1 ituinam
Frondeadionindsnea 10 a i Iduniufindinudunas (RGB) #aoTalsunsy
Adobe Photoshop CS2™ 1A 1A NUAIAING1? MInaean AN ENTUTTEnI1IAY
ity losouman () fanuuana1an NI (Buclidean distance; ED) [20] 910813

nndiamanivieond “aumsduduuuygnan”

ED = /(Alg)? + (Alg)? + (Alg)? (1)

A D HAA1IYDIAINYA blank AUAINMMTHIA

=n.

Taw
aa aaa w 4 A Yy Y [
a yaninaljiseInumanianuEuIuae A
R fio MANUTUHEIF LA
fio AN T YY)

A 3 a ¥ a
10 MATWVULTITUINY

- - oA ala 2 a0 )
‘"u]ﬂl"'] llﬁqﬂﬂn')ﬁgﬂizﬂﬂua'lﬂnﬁ{ﬁuﬂ@ HVOULAETUUIU FIUAN NIV

gAY 255, 255, 255 (R, G, B) azuaadd1nzAInmiunaadgamiing o, 0, 0

3.3.2.2 szvveaInuwuInsavazawludiiazmaemuealaoimi

(absolute ethanol system)

M suganaaouuunszmEuLa luszuuenealsmeInih Tauds
00 In¥luun Insan 0.0500 niu azarwludnhazawonuearsieminmii 10.00 Haddns ud
Hunauasazaesumsazareswihuilodoadu v 18asazatoee Tnilium Insduduty
$ouay 0.50 (wiv) 2INIWH HEABIUUNTEANTDAVDS 2 19 10,00 T TAsAns Aae 1131
uradnag vz Idyganageuuunszamuuuya

nageuMIIRAMsIFFouLUgANATOUILUYA TAsroamIazaIsuIATgIM
loooumdn (1) finamdud 0,00, 10.00, 25.00, 50.00 Az 100,00 FadniuAeAAT $11Y
10.00 Ty Tasdnsasuuganadey fuerl3dnagiszana 1w Muiinnindaendoadonin
Anoa 1miu hnmi Iduniuiinannuduimadae Tsunsy Adobe Photoshop CS2™ 1i1
manutunaalaniumnnuuanaeanuduuas udmasansanuduiuiseniig

Aty lesauman (1) Auanuuanaa UL uRsIRUTe 3.3.2.1
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3.3.3 Anpanaudnduiiiinsanvesee InlunuInsdvlussuvlsa-wadmivya

naTeUUHNIEAMILLYATIMIUATI IaYTinalesewmdn ()

wisnasazat lya-wadedlveo InWuuu Insdu ruReddude 3.3.1.2 uandou
Yiunmee Influun Insaun 141y 0.0200 uaz 0.0300 n§u 92 1dasazare Taa-waieday

00 InWiuu Insdududuiovas 0.40 (wiv) uaz 0.60 (w/v) MuaIRY

3.3.4 AnmgunsaiayTlsunsudmvasietannududvesgadvuyanasouun

NITAIBUVUYA

3.3.4.1 Aimngunsaidmivasiedannududvesgadvuyanaseuuy

NITMBIVUYA

3.3.4.1.1 nABIMLNINAINGA (digital camera)

hyanaaeuvunTzABILLYATEUY Tva-waiess InHuun Indu
Wutudevaz 0.60 (wiv) MiRAUFFinRumITazaomIasgm loouman an Aarududy
0.00, 10.00, 25.00, 50.00 L@z 100.00 HaANTuFDAAT MWAIAY VUANNINAIENADIT BN
AvneadaonmEIFAINDT (shutter speed) IMIAY 1160 TuruazyuIAgS LA (aperture)
Wiy F4.5 imbnhamd Iduiufindnnuduuas d2Tusunsw Adobe Photoshop CS2™
manudunean)asiiumanuuandeanuduums udamaeansanudunus sznin

¥ 3 o o 1 )
ﬂ'J']lJl'llll‘lJu"lﬂﬂﬂul'Hﬂﬂ (II) NUANUUANATIA VLTS

& ¢
3.3.4.1.2 INT09AUNUIUDT (scanner)
WuruiReInude 3.3.4.1.1 uanfdougnisinsntamnnudunag

unsesaunumei TavldanuaziBoamsaunumiity 600 ppi (pixel per inch)

3.3.4.2 AnnldsunandmivasteTanmudndvesgaduuyanameuuu
NITAIVIVUYA
3.3.4.2.1 Adobe Photoshop CS2™

9 o v ¥ 4 an & 4 3
hnmiduiindrendesnionmaineauazinsesaunuiueinnie
3.3.4.1 tuiinminnudunaadoTisunsy Adobe Photoshop CS2™ sisnuduaadanan

[ o o " [ 1 ]
waean MANUAUNUTIEHINANUTLYY Teoowman A fUAININLANANA T UIAS

3.3.4.2.2 Image J™ [22]

uruideanude 3.3.4.2.1 uanfdouTusunsuasdeiaily image ym
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3343 ﬁﬂ‘H]ﬂ'ﬂNaz!gﬂﬂﬁ!ﬁﬂ'lzﬁ”ﬁ]ﬁ?ﬂn]5ﬁllﬂuﬂ1w
o 1 = o 9 nry = = A
NUFUIALINVUD 3.3.4.1.2 “ﬂﬂiﬂn.lflUuﬂ']'liJa:lBUﬂﬂ'ﬁﬂuﬂuﬂ']ﬂﬂ']ﬂlﬂTEN

aunuue lag1¥nmmiady 200, 600, 1200, 2400 1Az 4800 ppi (pixel per inch)

& = o
3.3.5 qmﬁ'numznNmamwmmwummzﬂmmw%’uynnnaauvumsmy

o - - =1 ¥ .y
iyganaasuvunszamuuuyaluszuy Tea-naidedrven InWuuu Insdwdudy
v
fovaz 0.60 (wiv) uazszvvueo Imuuu Insduazarsludnihazaroienivealsiminin
Y Y ¥ o a a A y
WuTUTouaz 0.50 (wv) aald ldviadsyaim 5.0 x 5.0 Hadwas nanouns ldnageu
o ¥ o J a W ' - - & .
uaznaIns limaaey udnihuArdinanuundeunesdromaiinnisinfdou (sputtering) o
¥
gudma TuTad Tanzuaz Saquiand (TMEC) Tavldhaundouneatszum 1 wid ox 1d5y
- Q z l:i ] - "
INAPUNDINNNUI 0.0002 TuAsou HFUIUARIUNITIARoUNDIRY WA NAINdDe

YanssmididnaseunuudeInTIafimaaveIs 300 111 1000 11 1Az 5000 M1 IR

3.3.6 AnMIMINBNUNanIAIdUIE (light intensity)

3.3.6.1 ANNUANAIANNUUEA (Euclidean distance RGB)
Wmautunean 189099 3.3.6 yinaeansMANUFNRUTTE IR

Wudu looowiman () FUAMULANAIAINITULAIINTUNS

ED = \/(Alg)? + (Alg)? + (Alp)?

3.3.6.2 MIazNonuag (reflectance, RF)

Wmanutuuaan 189n9o 3.3.6 VinaoansANNFURUTTEn TR

wuduTosouman (1) fummsazteunasildnnauns (6]

x — Ixp
RFy = —log roeitite Ux = Ixp)
( Xw IX b)
I
—log (I( x) 5 —log Ry )
W
4 ¥ A
Taon X i uaaduae umadIe) 3o uae@iiGy
Iy Ao anuduuas X o yaiifal§iodumanianudududie

- 1 % = o

Iy,  #0annuduuesde

Ixw A0 A1ANIAIEY12 21 99 blank
A ) -

¢ Ao manuunaaiud ly

Ry  fio mimsaziounas X
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3.3.7 Anyr el nuvesyanae UUUNSZMBIULYA (working range)

Tnlaesazaruinsgiulooouman (m anududu 1000 TadnfuAodns S1uw
0.00, 1.00, 2.50, 4.00, 5.00, 6.00, 7.50 uaz 10.00 Haddns laasluvradaiuiasvuia 100
Haddns @umsazawleasenleariiuleTasnas lsdituduiosas 100 (wr) $1m9u 1.00
findans Ysulsinasdaninlsimeinlesen v 1dasazmeniasg i losouman an Anaw
1Wdiu 0.00, 10.00, 25.00, 40.00, 50.00, 60.00, 75.00 (A 100.00 TadnsuAsAAs AMEIAY

iganagouuuuyaluszuy Tva-naivess InHuuu Insdududuiovas 0.60 (wiv)
wmeagasmsazatoasyiu lesowmdn (0 Anudududrag fu $1u9u 10,00
TuTnsdns asuugaiiveamisazatsTaa-naed duer1dnaguszina 1 uail Yuitnnm
HunTosaunued hami lduniufindinnudunasdrs Tsunsy Image 1™ 1hanan
wWunaunasiusimsagiouuas waoansanuduusseninanududu leosuman
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COLORIMETRIC SPOT-TEST ON PAPER FOR DETERMINATION OF IRON(II)
USING SOL-GEL DOPED WITH ORTHOPHENANTHROLINE

Naruchid Pairoad,”” Wiboon Praditweangkum,’

'Department of Chemistry, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand

*e-mail: nicinium@gmail.com

Abstract :A simple colorimetric spot-test method for determination of Fe(Il) utilizing a
digital camera has been developed. A 10.0 pL of sol-gel solution doped with
orthophenanthroline was dropped on a filter paper. A sample was mixed together with
hydroxylamine hydrochloride and 10.0 pL of this solution was applied on the reagent spot.
The orange color of Fe(Il)-phenanthroline complex on paper was recorded using a digital
camera. The images were digitized, and the red (R), green (G), and blue (B) values were
investigated. Calibration curve was obtained by plotting Euclidean Distance (ED) or
absorbance against the concentration of Fe(I) solution from 10 to 100 mg.L"'. The linear
equation; y = 0.00103x + 0.00639 and 3.05-10.60% relative standard deviation were
obtained. The method was successfully applied for analysis of iron in tablets. The t-test
between the proposed and AAS method was showed no significant difference at 95%
confidence level (n=5; teaicutaed = 2.24 and tiabylated = 2.77).

Introduction:

Qualitative detection is the main intention of spot-test analysis. However quantitative
spot-test analysis also can be purposed but it is not very usual because of the difficult in
handling very small samples with accuracy and precision. Another factor that discourages
research in quantitative spot-test analysis is related to the existence of several instrumental
analytical techniques, mainly chromatography, that provide good qualitative and quantitative
results while handling small quantities'. Nevertheless, in some cases, when operational
simplicity and low cost are needed, the semi-quantitative or quantitative spot-test on paper
becomes very attractive because low volume of reagent and sample is required; it is
inexpensive, portable and easy to use.

The sol-gel process is being increasingly used for the development of optical sensors
and biosensors. This is due to a number of advantages, principal among which are the ease of
fabrication and the design flexibility of the process. Sol-gel derived silica glass is prepared
from hydrolysis and condensation polymerization of the appropriate silicon alkoxide solution,
followed by a temperature programme which controls the densification process™ °. The
process parameters can be selected to produce a microporous glass, which can act as a
support matrix for analyte-sensitive reagents that are added to the precursor solution®, The
reagent molecules are encapsulated in the nanometer-scale cage-like structure that grows
around them, but smaller analyte molecules can still permeate the interconnected pores.

Iron in pharmaceutical preparations may be provided in the form of ferrous sulphate,
gluconate or ferrate salts. The active ingredients are normally held in a matrix which must be
destroyed by oxidation with concentrated nitric acid or hydrochloric acid, before the iron can
be accurately determined®. Several techniques, such as spectrophotometry®, atomic absorption
spectrometr}yl ¥, liquid/liquid extraction” '°, solid-phase spectrophotometry'', flow injection
analysis'> ", inductively coupled 6plasma-mass spectrometry'®, capillary electrophoresis'® and
cathodic stripping voltammetry'® have been reported for the determination of iron or it
species. These methods are well used to determine trace iron ions; however, they are
inconvenient for on-site monitoring.
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Therefore, it could be interesting to develop a procedure for quantitative spot-test on
paper for determination of iron(Il). Quantitative analysis in this study is based on formation
of reagent spot on paper using sol-gel doped with orthophenanthroline. The color intensity of
spots on paper is considered to carry out the analysis using a digital camera.

Methodology:

Chemicals and materials: Analytical grade chemicals were used as received without
further purification. Deionized water was purified by Milli-Q apparatus and used throughout.
Tetraethyl orthosilicate (TEOS) was obtained from Acros Organics. Triton X-100 was
purchased from Fisher Scientific. Absolute ethanol, citric acid, hydrochloric acid,
hydroxylamine hydrochloride (NHOH.HCI), orthophenanthroline (phen) and sulphuric acid
were obtained from Carlo Erba. Ammonium ferrous sulfate hexahydrate ((NH4):Fe(SO4),-
6H,0) was purchased from Ajax Finechem. Filter paper (No. 2, 125 mm. diameter) was
obtained from Whatman. A Digital camera used was a Sony Alpha (Thailand).

A 100 mgL" Fe(Il) stock solution was prepared by dissolving 0.7020 g of
(NH4)2Fe(S04),'6H,0, adding 1.0 mL of conc. H;SO, and diluting to 1000 mL with
deionized water. The 25% w/v sodium citrate solution was prepared by dissolving 25.0 g of
sodium citrate and diluting to 100 mL with deionized water. The 10% w/v NH,OH.HCI
solution was prepared by dissolving 10.0 g of NH;OH.HCI in 100 mL deionized water and
pH was adjusted to 4.5 with 25% w/v sodium citrate solution.

Preparation of sol-gel doped with phen and spotted on filter paper: A solution of sol-
gel doped with phen was prepared by together mixing 2.0 mL of TEOS and 1.0 mL of 0.10 M
HCI, then 2.0 mL of absolute ethanol was slowly introduced into the resulting solutions,
7 drops of Triton X-100 was added and (0.010, 0.020 or 0.030 g) of phen was finally mixed.
This sol-gel solution was stirred for 1 hour. The concentration of phen in this sol-gel solution
was 0.20, 0.40 or 0.60% w/v, respectively. The reagent spot was prepared by dropping
10.0 pL of this sol-gel doped with phen on a filter paper and allowing setting in the air.

A solution of 0.5% w/v phen in ethanol was arranged by dissolving 0.0500 g of phen
in 10 mL of absolute ethanol. The reagent spot of this solution (without sol-gel) on a filter
paper was also prepared as described above.

Procedure for spot-test on paper: The (10, 25, 50 and 100 mg.L™") Fe(II) working
solutions were obtained by appropriate volume measuring of the Fe(II) stock solution, adding
1.0 mL of 10% w/v of NH,OH.HCI (pH 4.5) and diluting to 25.0 mL with deionized water.
A 10.0 pL of this working solution was applied on the reagent spot and orange color of
Fe(IT)-phen complex was developed.

Data processing: For all sensing experiments, imaging of the spot colors was
performed using a digital camera. The image was interpreted from the center point and
4 corner points of a 1.0X 1.0 cm. square using Adobe Photoshop = CS2 software. The RGB
color works on the basic principle that each color is a composition of the colors red, green
and blue. Difference maps were obtained by taking the differences of the average intensity of
RGB (Ix, I and Ig) values from the blank spot. The colorimetric response was expressed
using the Euclidean distance (ED), which could be defined by the following formula'”:

ED = \/(Alg)? + (Al)% + (Alg)? (1)
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Results and Discussions:

Sol-gel doped with phen spotted on filter paper: Figure 1 shows spacing of reagent
spot (1a and 1b) and color intensity on filter paper after applying 10.0 uL of sample solution
(Ic and 1d). Using ethanol as solvent, diameter of reagent spot is larger than using
immobilized reagent in sol-gel solution. Ethanol is low viscosity than sol-gel solution so
reagent can be easily absorbed and diffused on paper. Other while phen can be immobilized
in sol-gel and consistently spacing on paper. After 10.0 pL of sample solution was applied,
orange color was developed and higher intensity of color was appeared on round border of
the spot with ethanol as solvent. While equal spacing of orange color was developed on the
spot applying with phen in sol-gel. TEOS sol-gel can be used to control the spacing and
dispersion of reagent in the spot.

(a) (b) © (d)

Figure 1. Reagent spot applied without (a) and with sol-gel (b);
Spot-test on filter paper without (c) and with sol-gel (d)

Effect of phen concentration: As shown in Figure 2, Euclidean Distance increased
with the concentration of phen in sol-gel solution. Formation of Fe(Il)-phen complex
increasing with concentration of phen in sol-gel solution. The lowest signal was obtained
when 0.50% w/v phen was prepared only in ethanol (without sol-gel). Phen, only in ethanol,
can penetrate together with ethanol on filter paper and be accumulated at the edge of the
circle. Higher Euclidean Distance can be obtained when 0.20% w/v reagent in sol-gel was
applied on filter paper rather than that 0.50% w/v reagent in ethanol (without sol-gel) was
used. Phen can be uniformly immobilized in microporous glass structure of TEOS sol-gel.

150

5 Noy (d)
b g
5 100 ot
= = I
=] = o
g & e x 1 (b
3 # = |
= I ¥ (a)
=
04— . ‘ e i
0 20 40 60 80 100

Concentration of Fe(II) (mg.L!)

Figure 2. Effect of phen concentration; (a) 0.50% w/v of phen in absolute ethanol (without
sol-gel), (b) 0.20% w/v of phen in sol-gel, (c) 0.40% w/v of phen in sol-gel
and (d) 0.60% w/v of phen in sol-gel

Calibration curve: The 0.60% w/v phen in TEOS sol-gel was chosen and 10.0 pL of
this reagent was applied as reagent spot on a filter paper. A 10.0 uL of Fe(Il) working
solution was tested on the reagent spot. The color of tested spots as visual detection was
recorded by a digital camera as illustrated in Figure 3. The intensity of spot color was
changed from blank spot (without Fe(II)) to orange color spot with different concentration of
Fe(II); 10, 25, 50 and 100 mg.L", respectively, was evaluated and plotting between intensity

37" Congress on Science and Technology of Thailand 3



of light (Iz, I and Ig) and concentration of Fe(Il) solution was illustrated in Figure 4.
The Ik rather constant with increasing of Fe(I) concentration while I and Iz were decreased.
The calibration curve as shown in Figure 5(a) can be arranged by the relationship between
concentration of Fe(Il) solution and Euclidean Distance. M.Kompany-Zareh et al.' presented
the intensity value (1) can be converted to absorbance (A) by this equation,
Ax = - log [(Ix - Ixp) / (Ixw - Ixp)] = - log [(I)e / (Ixw)e] = - log Ry. A relationship between
concentration and absorbance can be also plotted as a calibration curve as illustrated in Figure
5(b). The linear range was demonstrated for Fe(Il) in the range 10-100 mgL"' with
r* = 0.9923. The limit of detection (LOD) and the limit of quantitation (LOQ) were
8.78 mg.L" and 29.27 mg.L", respectively. The relative standard deviation of absorbance
value evaluated from an intra-spot (within spot in calibration curve) and inter-spot (between
spot in calibration curve) were 4.53-16.29% and 3.05-10.60%, respectively.

(a) (b) (©  (d (e)

Figure 3. The color of tested spots using 0.60% w/v phen in TEOS sol-gel applied on paper:
(a) Blank, (b) 10 mg.L", (c) 25 mg.L", (d) 50 mg.L" and (¢) 100 mg.L"
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Figure 4. The relationship between intensity of light and concentration of Fe(II)
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Figure 5. The calibration curve plotted from relationship
between concentration of Fe(IT) and ED (a) or absorbance (b)
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Application of the developed method: The spot-test on paper using sol-gel doped phen
can be used as the iron(Il) sensing. The proposed simple method seems also applied for
analysis of iron in vitamin tablets and compared with the AAS method’. The results obtained
were summarized in Table 1. The paired t-test was applied to examine whether the method
differ significantly at 95% confidence level. The ¢ calculated value was 2.24. The ¢ critical
value at 95% confidence level (n=5) was 2.77. There was no significant difference at 95%
confidence level between this developed method and AAS method. The standard deviation
(SD) 3.23-6.33 can be represented as precision of the spot-test method. This precision was
not so good. The sampling of a point for data processing should be considered. The overall
average of the intensity of light (R, G and B) for a spot by ImageJ™ programme'® may be
better than this one.

Table 1. The analysis of vitamin tablets comparing the proposed method with the standard
atomic absorption spectrophotometric method

Iron found (mg.L™)

PUBLCN, AAS method Spot-test method
Sample 1 81.45+2.48 79.56+4.72
Sample 2 98.77+2.74 99.82+4.73
Sample 3 98.39+2.15 96.79+4.97
Sample 4 99.15+1.55 96.18+2.48
Sample 5 108.66+3.38 104.89+4.08
Conclusion:

The colorimetric spot-test on paper using sol-gel doped with phen was developed for
determination of Fe(Il). Phen can be immobilized in micro glass-structure of TEOS sol-gel
spot-test on filter paper. The dispersion of reagent in a spot on filter paper can be controlled
by TEOS sol-gel solution. It could be considered that this method is inexpensive and portable
detection.
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