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Abstract

Background and Objectives : Mercury (Il) ions (Hg”) are highly toxic metal ions, and even minor contamination in
water sources can adversely affect living organisms. When the body is exposed, permanent damage is done to the
genetic material, nervous system, and brain. The World Health Organization (WHO) has established that the
concentration of inorganic mercury in drinking water should not exceed 29.9 nanomolar. Therefore, the development
of a detection kit for mercury (ll) ions is crucial. In this study, a detection kit for ng+ ions in the form of an
environmentally friendly film was developed. The film was prepared by incorporating Rhodamine 6G hydrazide
(L6G) into a cellulose triacetate (CTA) matrix, a cellulose derivative, with tris(2-ethylhexyl) phosphate (TEHP) as a
plasticizer. Previous reports have indicated that L6G molecules exhibit high selectivity toward Hg2+ ion in a 10%
tetrahydrofuran (THF) solution. However, this solvent limitation prevents L6G from detecting Hg2+ ion in aqueous
samples. It was hypothesized that the L6G-based film developed in this study could be used for the detection of
Hg” ions in water samples.

Methodology : The L6G film was prepared using the casting method by mixing Rhodamine 6G hydrazide (L6G)
with cellulose triacetate (CTA) with tris(2-ethylhexyl)phosphate (TEHP) serving as a plasticizer. The selectivity of the
film for metal ion detection was investigated by immersing the prepared film in solutions containing various metal
ions. The film intensity was measured using Image J program. Additionally, the optimal conditions for film
preparation were studied, including the appropriate amounts of CTA, TEHP, and ligand L6G. The optimal conditions
for using the film as a detection kit were also examined, including the appropriate detection time, the effect of pH
and the concentration range of mercury (Il) ion interacting with the L6G film. Moreover, the detection limit and limit
of quantification of film L6G towards mercury (Il) ion were also studied.

Main Results : The prepared L6G film was observed to have a smooth, pale pink appearance and to be water-
insoluble under the studied optimal conditions. The prepared film was tested for its ability to selectively detect metal
ions in water, and it was determined that L6G film exhibited high specificity for Hg*" ions. This was evidenced by a
color change of the film from pale pink to purple, which occurred exclusively in the presence of Hg2+ ions. This color
change resulted from the coordination covalent bonding between ng ions and the L6G ligand within the film. As
a consequence of electron donation from oxygen and nitrogen atoms in the L6G ligand, a color change from pale
pink to purple was observed in the film due to spirolactam ring opening. The optimal conditions for preparing the
L6G film were investigated. It was found that the most suitable amount of CTA was 0.2 grams, as this quantity
produced a transparent film with an appropriate thickness. If the amount of CTA is too low, a thin film will be

obtained, whereas an excessive amount of CTA results in a thick film. The TEHP content was identified as being
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optimal at 0.05 grams, as any excess led to the formation of a rigid, matte film, which obstructed water penetration.
The L6G ligand amount was best at 6.0 milligrams, yielding the highest color intensity, whereas excessive L6G led
to an opaque and non-uniform film Based on the study of optimal conditions for detecting Hg2+ ions in aqueous
solutions, the L6G film was found to require an ideal immersion time of 180 minutes at a pH of 5.0. The detection
was conducted at 0 minutes, immediately after the film was removed from the solution, dried, and its color intensity
measured. The concentration range of Hg2+ ions that exhibited the strongest linear correlation with film color intensity
was found to be 0 — 10 ppm, with an R? value of 0.9984. The detection limit and the minimum measurable
concentration of mercury (Il) ions using the L6G film were measured at 0.51 ppm and 1.66 ppm, respectively.
Conclusions : In this research, an optical chemical sensor in the form of a film was developed for the detection of
Hg” ions dissolved in water. The sensor molecule, rhodamine 6G hydrazide (L6G), was incorporated into cellulose
triacetate (CTA) using the casting method, with THEP serving as a plasticizer. The prepared detection film was
found to be a thin, transparent, pale pink sheet that was water-insoluble and stable in aqueous environments. Based
on the selectivity study of the prepared film for sensing metal ions, the film was observed to exhibit high specificity
toward Hg2+ ions in which the film’s color changing from pale pink to purple, whereas other metal ions did not
interfere with the sensing process. Therefore, the capability of the developed colorimetric detection kit to detect
Hg2+ ions in agueous solutions has been demonstrated. One of the benefits of preparing the film using this method
is its simplicity, as it does not require expensive tools or equipment.

Keywords : mercury () ion ; rhodamine 6 G hydrazide; cellulose triacetate
*Corresponding author E-mail : jomjai@buu.ac.th
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Figure 1 Structures of (a) ligand L6G, (b) CTA and (c) TEHP.
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° 4 o T o . y ade Vo P ~ o =
Image J 41191 10 AFY ndsantuiArmnmdu@ndn ldumiAdawdeuuuninggiu (0) uazipan o Nl

WA IANNIN (1) e ANTnaian1Imsadmsield (Rompo, et.al., 2018)
Limit of detection = 30/k (1)

Tned 0 Ao ALdEaLUNIAIFIU (standard deviation) 28AdN L6G NiRAAndNElAR WL 10 AT
A o dl U v o & 1 Y a o
k fig AaNduzasnImaldainnsafansninnsg uLaAANANRUSIT AN LAY N

Wuduaesasazaneless Hg® (0-10 ppm)

=

6.2 maAnmLFuauueAdF (1) leaewsign (Limit of quantitation %ize LOQ) NAIN17090 lAAENENL6G
nsAnELENn Hg”' lesau aganaxnsadnlimeian L6G M lalastinian LG shlildnimanu
al o

dinddaallsunsn Image J 41uan 10 ASY AAndRA IR AN A daudsauunnggu (0) uaztiin O 7l

Tdunupnlugunis (2) WennAndnanfianisnsadasall (Rompo, et.al., 2018)

Limit of quantitation = 100/k (2)
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Results
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= 3 = a 1 al o
1. ﬂ?ﬁ‘ﬂﬂl’f?ﬂ’??il@")tW")é’W?&”‘NEl‘lcm’lﬂ@ﬂﬂ@ﬂﬂilIZ@@ﬂu“llﬂﬂ2\2'\?7/7;"’17145151’7\7“,7 IeNNAN L6G

nsAnEANaTIzianzadlunisiaenduivleeeulanzatinsine 189WaN L6G tiuwrinlnadnan lilawn
2x1 A1 8URLNAT wadtaN ldudlugnsazaravedlesaulans sinsng | ARANENDY 100 ppm UFNms

7 1adan7 1unan 30 Wi Weaasuwanhiauiutlfunnainasazans Suiausanseaneiag uaziaeas 1y

=

wiangoungiies dunaniadasuulasdaesilan L6G nafilauaneds Figure 2 Geaziwinladnfiiiasloaau Hg™
A '

wintiunvn laaasflaniasuldifudsng

L6G Co* cu® Mn? zn*

cd* Pb*" Ni** Hg*
Figure 2 The color changes of L6G film in the presence of various metal ions (100 ppm).
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2.1 mMaAnmfinanies CTA fimanza

A Bunnies CTA Rnanzaslunssiaaildy L6G duinlnaAnenisunmaes CTA 7 0.1, 0.15 uas
0.2 NFu Aunus L6G 4 flaAnin waz TEHP 0.05 nin wudnileld CTAT 0.2 niu Lﬂuﬂ?mmﬁmmmumn‘ﬁ'qm
iesannlfuiulduidanala wasiipmnamniivmnzan Wansinlduisienlaeld CTAT 0.1 uaz 0.15 nfu wud
Aensdoa AT anezgu fenadiiaainnisiiaunus L6G ianunsasaanduwiledanfuiu cTA I8 sy

TuwanuRsasiasaanld CTA #1 0.20 niu lun1nnaaedlududs ld
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2.2 n2AnELENIIRY TEHP manzan

ANIANE BI04 TEHP Mivsnsanlunnaieailay L6G thiinlaanisineiifuniaaes TEHP 7 0.03,
0.05,0.07 N3 1 CTA 1 0.2 nfu Wa=AuUNUs L6G 4 fadnsu wudnauisienlngld TEHP 7 0.05 n3u hutBunn
funzaniign Wesnniduisienldiimanls lusnsinlauiistonlngld TEHP 7 0.03 niu ffnwnizguuas
LN9HNN ENNFABNNTUNYARNAINANINIETE WasRLTIsRealaeld TEHP 1 0.07 ndu fidnmaizuds snnsianisuny
Lazieanananzie ArilinuAdeiiaa@en)d TEHP 7 0.05 ndu lunnsvinnimmaaeslududnald

2.3 NMsAns B nITeAUNLS L6G Tuvimnzan lunsimeuilay

AT ANEL BRI TN zan lun SRR L6G HuwinlaeAnsisunamesdunus 7 5.0, 6.0,

a

7.0 uay 8.0 faanin aeld CTA# 0.2 n$u uaz TEHP 7 0.05 n§u nudniileldaunus L6G 7 5.0, 6.0 uay 7.0
fadnsu WAsuATanula lusneifduiissanlan 45w 7 8 fadnin IAAsuAifnenzduann Wunauain
FnnsEunus 166 fnniiulliaunsasaduitedenduiu cTA 1§

Hevhildn L6G Rilaunus L6G 1uiBunnt 5.0, 6.0 wae 7.0 Daaniu undnlidauna 2x1 msaaufiuns
uaztilutluansazans laaau Hg® Anuidudy 100 ppm 1981 30 W7 HdIaNTAENAUNLAELAIBIALNLT
1981 30 Wi waraein lddnAranudndineldidsunsa Image J IagldnisdnAn@uesidusoaszuy RGB lananis

naaasAsLang bl Figure 3

30 -

28
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22

Film Intensity in red color
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Amount of L6G
Figure 3 The intensity of L6G film after immersed in the solution of Hg2+ ion 100 ppm for 30 minutes.

3. N9ANHIMIANTIETINIz AN 11uN17mT939A

3.1 nsAns A mNzan lun19m7999m
- 2 . v o o _ de
AsAnEvAMNIzan lunnamadalasauaslanysaian L6G NN1sAnE Al ias Lazina1fdn
ANAMHITNE TPanIn1ANHIAALTNEN L6G adluanrazarslaaauaaslanziaanduiuiasd L6G NANNdNd

100 ppm Tz ldiduaan 30, 60, 90, 120, 150, 180, 210 WAL 240 UNT ANNAIAL ANNUULNAAN L6G Nt tdlu
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AmdNARaelUsunIN Image J dnannmeaaeasauansly Figure 4
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40
& 30 A
£
2
g 20 A
E
=
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Immersed Time (Mimute)
Figure 4 The intensity of the film changes over time when immersed in an Hg2+ solution, with the film intensity

measured at 0 and 30 minutes.

a1n Figure 4 aziinlagdnnanfudiau L6G Tuansazana Hg™ laaau danasafiAnuidudesilau L6G

Wt anluaN8 A8 UNUABANNE N A TR ANAN ANANTY TneNinanlun1ugWaN L6G Mnan 180 w# wluinani
44 Y v oo A .z v o me A X x
winnzanxnge Wesanliaiaududgangs nasainiuanududvesiidaunaziAiaed wananildamudingin

FarAnAnudnE 0 uay 30 uTiliAr ARl uANAN TN waziaanTaAANNELAR 0 unTifunanfivnvan
Tunamgaadn esaninilduantmaaadaTitiiy

3.2 NMsAnmkATed pH 1898178za8 lun1msaadh

AnsAnENATas pH Rwunzanlunisasadaleany Ho?' ﬁwmmmf‘fmﬁﬁmmﬁu MingAnE1 pH 299
a13azaneludng 4.0 - 8.0 TnanninWan LeG wiluansazanelasau Hg® Aanaidiudiy 100 ppm el pH

4.0 - 8.0 HAN"MAABIUANIIEF Figure 5 azifiulddnidle pH 1998178YA" RN A TR TE AN L6G axdien
Aty s pH 4 1189 pH 5 ndsantuA A LdNRTe LU S TlANTidaudnaped e pH 18981702 AN T
wrnzanlunnmaadn Hg* leeau Aaautuildy L6G Aa pH 5.0
3.3 mrAnmIANTNTUIadaITazale leaay Hg' Fanunsomsaainls
nNMMsANEIANNITNTUIR9a T A Y Hg® laaa fisnunsonaadalddaannlaningl4Way LG lag

Ansauiduduludasauiduduans Hg” laaaulAnseus 1 - 140 ppm lananisnaaasssuanslu Figure 6
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aziwinlgdnfiaanuiduduans Hg lanau Wnaw Aududsesilanntarinauanldaoe LazEul A1 AN AILA

Hg®" laaau Hanuidudusiaud 80 ppm 2uly fauansl Figure 6 (a)
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Figure 5 Film intensity changes of L6G film when exposed to various pH solution.
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Figure 6 (a) Intensity changes of L6G film in the presence of various concentration of Hg2+ ion (0-140 ppm),

(b) linear calibration plot for the detection of Hg2+

various concentration of Hg2+ ion (0-140 ppm).

ion (0-10 ppm) and (c) color changes of L6G film with
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3.4 nsAnmIAMNNITIATIES

3.4.1 Anw1Ardmsnnianismsaada (Limit of detection)

nnsuaaaninlunisnsaadnlaasn Hg” anisauilaainnisindayanisuaanududusesarsazans
laaau Hg* ﬁmmmmfmffmiﬁuﬁmﬁLﬂul,zi”um\amm”']\mi’mlu’]mgﬂw,mqmmzﬁ”uﬁuﬁ’a‘mdwmwﬁm%ﬁumm

Wuduaesasazanelessi Hg? Asuansli Figure (6b) waztirldAnuaniminAndnanian1snsaadnssdunisi 1

Limit of detection = 30/k (1)

o 1

Tned O Ao ALDELUNINTEIU (standard deviation) 18AN L6G NdAAIANENA AR 10 AT
A o lﬂl U v o/ s 6 1 v al o
k Aig AnNduzeensminldaInnsasenamnsguans NS A NE T uAYIY

diuduresansazanglesau Hg™ (0-10 ppm) NsATUINIMMANTIARANTATlUNIATIAdR LamalamaTl

AINANNIT LOD = 30/k = 3(0.17)/1.0256 = 0.51

= o

WaAn 0 Wiy 0.17 wudnilau LeG aunsaldlunisnsmadnleasu Hg® 16 TeilAnnanian1snsadn

WinAu 0.51 ppm

3.4.2 Anw1A1TASANIIATIRTAMENLENS (Limit of quantification) Y84laeeu Hg' Adeilan L6G
A o o v a 2+ v °o 9w [
nsaaaninlunisnsaadadiunnedlasau Hg” a1nnsamlfainnisindeyanismaaududuses
arrazantlensu Hg' Nannsansadnliluteeiidudunsannafrnanuinsgiuuaniniinduiuiseundiennny
v a o Y v 24 o . o o oA o o v A
dudnuanududuassansazaneleaau Hg® aeudnsly Figure (6b) waztnldAuinmnAdnanianisnsadaida

BN UAIANNTN 2
Limit of quantification = 100/k (2)
nsAIANlaanialunnmIadnleeau Hg® uanalasail

RINANNIT LOQ = 100/k = 10(0.17)/1.0256 = 1.66

\Wap O Wiy 0.17 wudnWeau LeG ansnsnnsaadnlaeau Hg™ AdEunuaududusgawinty

1.66 ppm
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Discussion
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Figure 7 Interaction between L6G and H92+
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