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Photoluminescence and Detection of Hg(ID Ions of Layered
Yttrium Hydroxide Composite with Fluorescein
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Abstract: The layered yttrium hydroxide (LYH) composite (FN/OS-LYH, where FN is fluorescein, 2-(6-hydroxy-
3-o0x0-(3H)-xanthen-9-yl)benzoic acid, and OS is the anionic surfactant of 1-octane sulfonic acid sodium) is
synthesized. The photoluminescence property of the FN/OS-LYH and the application on detection of Hg(Il) ions
of the delaminated FN/OS-LYH is studied. In solid state, pure FN salt shows no any emission, while the FN/OS-
LYH composite displays yellow-green emission at 564 nm, and at delaminated state in formamide (FM), it
displays a green emission at 540 nm (with 24 nm blue shift), in contrast to the 572 nm emission of free FN
anions with a 32 nm blue shift. The delaminated FN/OS-LYH colloidal suspension exhibits high selectivity for
Hg* over other ions (Mg*, Ni*, Co*, Cu*, Zn*, Pb*, and Cd*) with fluorescence quenching. The detection limit

of Hg* is determined to be 2.73x107 mol - L. and the quenching constant (K,,) is 4.82x10? L.-mol™.
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Fig.1  Structure of the fluorescein (FN)
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1.1 NO:-LYH B8 & &

ELY(NO,); - 6H,0 4 J5kE  HMT b 7K fiff i 57 21
K RN A B NOs-LYH mifA Bk B R i 72
4 Y(NO5);-6H,0(1 mmol), HMT(I mmol)Fl NaNO4(13
mmol) % T 80 mL £ 77K ,90 CF 7E Teflon 7K #
Zm#k 12 h SRR, B KR 40 °C
HA5THE 24 h,

1.2 FN$HERI & &

B 0.06 mmol (0.021 g)FN, JITASEY) 5T i) £ (14
NaOH(0.06 mmol ,0.002 4 g), % T 50 mL /K, #R J5 7%
T A AR E AR FN AL
1.3 OS-LYH #1 FN/OS-LYH HJ#ll &

A RE B T aS e B L, A L OS-LYH,
H 55K 3 mmol (0.649 )OS HMETE 80 mL 258 T /K
t SR K 0.43 mmol (~0.078 g)NOs-LYH H3 K 73 #
B FAREEW 70 C T AE Teflon 2 R 24 h, i
URAFT ) T FOK BRI 40 CHEZ T4 24 b, Xt
FN/OS-LYH Z &, 1565 0.06 mmol (0.021 g)FN
F110.06 mmol(0.002 4 g)NaOH % T 80 mL % & 7K,
15 2R B AW, AR E A 2.94 mmol (0.635 )OS,
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PR HLY (FN+OS) W 5 (1) 5 19 8RR 3 mmol , I
i FN 5 OS ¥ EZ el 1:49, ZJ5, ¥ 043
mmol(0.078 )i NOs-LYH #3 7K 73 # 2 bk i il
70 CF Teflon % 1SN 24 h, 4o 58 W 46 A | X 88
FKVEY 40 CHZ T 24 h,
14 SEEHFMEEBEFHIRAIZE

¥ 0.03 g FN/OS-LYH ¥y K 2 8 ] 30 mL H i
Jiieef  HUBAR %7 2 h, R4 3 W R IR B i, 1) 3
mL A EFR P MA 1 mL % E A 70 mmol - L™ )
Hg> ,Mg>*,Co> ,Ni**, Cu®*, Zn>" ,Pb> Fl CA>* ) /K 7 i
(R FH FH O il T TV 9 ), 000 9 VR 1) 2 O e i
(A=350 nm),
1.5 FRERE Hg* iR 3 £ 16

¥ 0.03 g FN/OS-LYH & & & ¥y K 4y 6 £ 30
mL FH G RE h  HUAR IR 2 h, 4R 75 2 05 B i AR 07
W, 3 mL RAARETRR P INA 1 mL R Hg™
AW, W W 266 1% (X =350 nm)
1.6 HSRMERAAMNMEMITESS

X $HEM RATHAL M (XRD, X PertPRO MPD
TS T 22 PANalytical 24 F,Cu Ko #8,1=0.154 18
nm, A E R E W0 40 mA F1 40 kv, K
0.2°, =AML EI KN 4.5°~70°, /MR 0.8°~6°) ; 1
Bt 2L A6 3% (FT-IR , Nicolet-360 LM i 4, 35
Nicolet 22w , FA4H L 4 000~400 cm™); 5 H i
4% (SEM , HITACHIS-4800), H A< H 37 /A 7] #:/E
JE 10.0 kV, TAEB B 6 mm ; 2¢ Y06 1% (PL) 2 B (1% 14
PG R RF-5301 PC 9GO, HAR R
AT AR R I Cary Eclipse 980653 6G T,
BRI VARIAN 23 7)) ; CHN JC % 43 il ik (Vario
EL JC R M, 72 [ Elementar 23 F]); 55 25 ¥ Hi 8%
A R R 3O % (ICP-AES, Jarrel-ASH ICAP-
9000 , 12 = Hr Ik 52 73 A A A2 ),
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IR X 26 405 51 A (XRD) X NOs-LYH i 44 Al
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Tt N RARAE W RERT S, J2RIEE R 0.89
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[HEE 2.01 nm (& 2b), FN F1 OS Hidi J2 19 52 5 14

FN/OS-LYH ) XRD Bl ([l 2¢)th, 2 [E FE A5 A 2.01
nm, FH4EOS HZEE G ZRIBEAHE, UiV
LYH 2 F2H 0S8 34, Bk 2.01 nm EAHSN B AF
FE—AJZRIFERS /NG AE , AT REJE PN 475 )2 AH X 1
s, P RERTE 0.31 nm &b B BT SFI% . S LRH
JE AR (200) it T AT 51

d-values are given in nanometer
2 NO:-LYH i (a)f1 & & 1K OS-LYH (b, b"),
FN/OS-LYH (c, ¢')f® XRD K
Fig.2 XRD patterns of NO;-LYH precursor (a) and
composites of OS-LYH (b, b’) and FN/OS-LYH
(e, )
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% 1 NO,LYH Bi{&#1 FN/OS-LYH E & ML = AR X
Table 1 Chemical compositions of NO;-LYH and FN/OS-LYH composite

Found (Calcd.) / %

Sample Chemical formula
Y C H N
NOs-LYH Y(OH),5(NO3)o46(CO3)000+ 1.1H,0 49.21(49.07) 0.12(0.13) 2.63(2.61) 3.57(3.55)
FNoOSpes-LYH Y(OH),5(CaoH 1105)0005(CsH 1705805+ 0.4H,0 38.76(37.24) 20.03(21.61) 5.39(4.89) —
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ik,
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3 FN-Na (a), OS (b), NO;-LYH (c)1 FN/OS-LYH
HA )M IR 5
Fig.3 FT-IR spectra of FN-Na (a), OS (b), NO;-LYH (c)
and FN/OS-LYH composite (d)
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B S5 TR NO;-LYH AHAUR B 55 | I S50 1 {45 22
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Fig.4 SEM images of NO;-LYH (a, a’) and FN/OS-LYH
(b, b")
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Inset: image of FN/OS-LYH under UV light
5 FN-Na (a)FI & & FN/OS-LYH (b)) & 255
R (A)FUE ST (B)igE
Fig.5 Excitation (A) and emission (B) spectra of FN-Na
(a) and FN/OS-LYH composite (b) in solid state
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Fig.6. (A) Emission spectra of FN-Na (a) and FN/OS-LYH composite (b) in formamide;
(B) CIE 1931 chromaticity diagram of the samples
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26 ESEHETFIRAMERE

W98 T & A 1K FN/OS-LYH X F 4 & & 7 i1
Mg, B 7 RImAAIRE 485, FN/OS-LYH
MIZENEIE MR KR 350 nm B & SPOGIGAE
525 nm Ab A R 24 5 A AR S HCT Y BE G+ HL0
TRA | AHEE T WO 4 I e Vs T 5, & S D
KRAEER #1538 nm B3I 2 525 nm, W HEEH T
H,O fETEF= A S22 7E 8 - PUNd FE v A Tm] 4
J& B BOROEHEE R I Zn> 1 PhET &t
SRS I H A 25 - 40 Mg, Cd?, Ni>*, Co™, Cu® il
H? 55 YUl 55 A OGoR BE |, (EAS T I 2 He 058 &2
G RTINS R R

K8 A 4 & i 1l J5 B2 A R TE 525 nm &b
MR A LG T A 2 He> HAT B ¥ K
ROR ATRER T He>5 FN BB 7 (R B O Fliz Ak
O 5 ) [a] B A7 o (I 2 8 1 ; et Hg 5 LYH
TE LM E AR AT AT PR acHe, dET S ALY FN-
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Fig.7 Emission spectra of FN/OS-LYH colloid mixed

with various metal ions
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Fig.8 Fluorescence intensity of FN/OS-LYH at 525 nm

when mixed with different metal ions

W51 W hiis FN-, B R BE 53R AR 00 18 5 ' s
55, FN/OS-LYH & & mT 8 T340 Hg* 94k
ALK,

HE— D BEIE T Hg e BEXT G BE i 520, i
Ho W BERE N, 52 6 PR 1Y) & 5 o 3 T sk 55 (181 9)
He* W BB FN B F &R, S 3OROBH K, K
10 fT7 , LAk U7 Y A X 2 58 B8 R A A B | Hg> i
BEMRE AR, 2 Stern-Volmer B, ¥ KON AT
Stern-Volmer 77 R f#FE I, /1=1+K oy, b I, BT 53
BRI Hg W JG 0298 S0 BE | ey A 4 J8 25 - 1Y Uk
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4.82x10% L-mol™", HHXJ 58 B 5 125 Vi i 1 £k 1k A
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mol - L, 5 3CHRIEXT LG, QiR = MIEGK I 2 2
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Fig.9 Emission spectra of FN/OS-LYH in fomamide with
the addition of various concentrations of Hg*

(0~50 mmol-L™) in fomamide
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