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ABSTRACT. Temperature effects on the fluorescence emission spectra of 0.01 M Eu(III) ion with
Cl0,, Cl-, NO; were studied. Relative intensity change of hypersensitive band (*D, - "F,) and
nonhypersensitive band (6D, —7F,) was quite remarkable with temperature and ligand. The relative
intensity change was interpreted as the change of formation constant and used to calculation the
enthalpy change of Eu(H,0),3+ to EuL(H,0);_,2+ complex. AH of Eu(H,0),3+ to EuCI{H,0)y_,2* was
roughly 15 kJ/mol and temperature independent, but 4H of EuNOy(H,0)x_,2+ was changed with
temperature; - 11 kJ/mol at 25 °C and 47 kJ/mol at 250 °C.

A £ w4 o Tt olja wiged Yo

Lo(JID 38 249 7183 824 $4944  #HHqe Lo(lID2Ee] ¢33 AHE-(outer-sphere
La(IID )27 <g3}e]-&(chloride), AAto)&(nit-  complex)iz] WY 2Hg-(inner-sphere complex)
rate), #dAi4te)&(perchlorate) ¥ e 74 1A WY FRE ¥ ¢ glon, dAYH gl
ol & B Alo)e] AuARe] Wit A7 el VY APAH Y] Y&k wY <)y AT
ol5-o)a] gr}? o]y AFNAE v EFEH 9 R 25T FEHeA P o 100T o] 2]
Yol 2294 ATEHSS HYyislakd Wy Feo 2 FEAdA La(lIDAE i3t dfe A9
s Byl A9 $54 T FE0) HEE Aol Aok B F o JYA|R A
A Ln(IN)e) &2} 2)7te Alo)e] HEHPAJe) dis)  FH ZAF S84 TR LHAEYE 08¢ Ln

548



Sgodo o] Eu(lD 2F2] ggroagiol 28 e 25 ¥ Y= A 3 97 349

(I 2Hge] W A77F Pasic)

LoD &) 29| Ho|E FollA] 2jzi=Ae] 43
& ®o) B Aolrt EA skl ©]F “hypersensi-
tive transition”o|2}sbm) Ln(II) 2-E-off i3} -7l
A5 3 glvl. Hypersensitive 418 #5249
Eqjoz A} UBuE HFAAEYOR
ZAbste] La(IH) 2R3l i 3y, 4983
7, 404 LoD o254 &3ks Alels] A3,
g Fo dig4 APtz Ak

Fradege Heo 2 A7)7F FEln oY
ujzt A2 A7 dEel #Hel] @ ol2Fo)
ole}. Yol 2}& hypersensitive 3 u] =3
?ed AE ke WS AJARE A3
we] Y =2 glen, ol P AE 4] hypersen-
sitive F50¢) A5} 4] 7)(oscillator strength)
hypersensitive Aoj2} nonhypersensitive “Ho]2]
A A7) M2 AAPAE PR RR 2=
AT ot FHaeRdd o A PP
Hee o3 RS A e 2FE A& T W
o o)}l

g4 Eu(lll) 4ol = Ale]ele
o2 2e AEE YU A

Eu(H;0)** +L~ = EuL(H0),-**

714 2=z} 3 X9 e 9L hy-
persensitive He| A7) A& FAHL ol hy-
persensitive % ¢])2} nonhypersensitive Hole] 4
Y A7l HRE 7P 28EE 3 JiH
A7\ 24 27ier) sh X AEs] e vl
RAHo2 Q¢ F ork Wk Fxo BE 2 A
Wy A7le] HskE AHRw 34435 (formation
constant) & 7 4 on g9y I AG
AH ASE F¥ 4 Ak ¥ =RddAde Exll)
F5o| 23 Faloly dsle|, FHJiAle|2H
2 g 27re Alel2] AAEAge B ARE
YPAAEYL o] &3t hypersensitive W] no-
nhypersensitive A0)9) A AZ|2EE S31A
ol £ AR T2 ¥PR(cd) & 2231
{E 25T 250C7HA) 25C Aoz AYsie]
250 9% Pl

Vol. 34, No. 6, 1990

A4 H

AlF R 72| Agel A4 Eu(Cl0){H0).°*
= Eu;0:;2} 3% perchloric acid(HCIOQ,) & A1-&-3}
o 54t e Eu(D 499 5+ Eu(D 9
£ F3A55 vasid AAsgch JEEdoR
# Eu(ClO)3(H0), & 001M NaOH=Z pHE
6~7 Rx 2 2R3t ALgsidrd, 2] = NaNo,,
NaClE AH&813 2 o} &A)7]dle NaClOo & M43}
o 7}7} 059 52 RPo]| AYsc)

Aol 9 sRAbRA 33 $xAe Hitachi
HE 79 #650~40& A3t on T2 A9
23¢ $j3A 4ARFL T o FYPduz
Agsieict. €5 A7) Model Athena-2000T
(#zZ2-= 500C) ¢} Alumel-Chroml(Type K) 93
714-& AHg-sled 11T PAEE el U
o}, zke] A 9 A B A - FEAl€ Varian?)
Carry 17 DX& AH-slgich pHE £A38171 84
€ Hitachi-Horiba Model F-II§ AM-3t<ich.

£ Aol AR F34L 200C o4k B
ool YPANEYHE HE F USF 49
A(window) & A H-Fo.2 wHEn $Z2 443
2t A go| e FHIAEE 3gch Ao
AERE g 71X F A F Qe ey Qe
234 91(230~ 2100 nm) o) 4| AHE7Fs-3tE S50t
4ol 3 Acis= sapphired AH-3loict 2 Aol
AHR Y e AA S YT AJRLAL Y
F Ed 6y B3 Agste F790) AR
e F7hE clRizkgin). 25 25T A 250T 7R
25C A2z A on 7 Lol 5~10%
AE PYF S FRAR o] 24EFPS 33
}.

Formation constant X,2| 4. 1072M Eu(Ill)
o} 2j7rs Aole] 1:1 AEYHA oy JHAS
#& T3] e W3R e ks
5 YT AAs o} r}. S AR 4
AgAgo g QoA(ZFEAHREY 24) Eu(lD2}
k= Alele] 101 REHAY YANPE 9%
o] &2] 2% 0.13 A4re)9] H$ 1478 I
ol Bt=e) FES7F Q3| q) A= 5M,
Aol & A4 02 M7} ol Eu(llDo]



550

&3 Aateld, dstelAold] 1:1 FE-H Ao}
s A7 ok =59 = FE PSR
dA} 2B B =R o) B WHelx
A#ga}eic) \ _

Eu(Ill) 124 Fluorescence emission spectrum
& Xenon pressure lampe AH-2-8l4 394 nm(PF—*°
Lo) ol A 2 B(excitation) A|# 4] ¥ 2-%2)(emi-
ssion peak) & Ach Pelx P& A w3
+2| *Do>"FiJ=1,2,4) Fl)A *Dy—F>(618 nm)
o] Bvel= A=A G- Bo] ¥ hyperse-
nsitive Fojo|c},

g4 ¢ Eu(llDo)e 7kag 2J7her) 3
oA FEYHAS o2 el dehd ¢ 9l
},

Eu(Hzo)x3+ +L:EUL(H20);—12+
ki= [EUL(H::O);— ]

o7jel A ke SAH HAHR B9 oo w|
ek wEldgely, e 2TE7E & Hgs
AEo] o)#] <% W W& A7) 24 hypersensi-
tive # )2} nonhypersensitive Fo|2]l AFHA A7)
o}

o] MR AZHA Ao e RE YA,
K& 313 g3 2o

24
([Euil** —&D ([Lil—&D

o|& o] W#) Azt

K (Ew® ) +K[L )+1-Q¥
2% K,

K1=

I= (1]

Q=K,(K, [Ev®*]* +2[Ex®* ];+ K'(L- 2+
(L~ 332K, [L-J[Ev®* 1) +1
(4714 [BuJ=total {Eu(H,0)x**]elc})

WAy 37]gE o4t Al1]8A ko) K&
T8 UL =58 statgraphics2H= packages
AHg-stglTh),

i T
PP AL0|2 B AMEH| L HE. Fig. 1

A -

& i
;
-
=
o
[ ]
>
]
2
(34
I.<
T T
500 800 700
Wavelength(.(nm)
Fig. 1. "Fhe fluorescence emission spectra of Eud+ jon

complex from 50° to 250°C (excited by 334 nm). 1)
50°C, 2) 75°C. 3) 100°C, 4) 125°C, 5) 150:°C, 6) 175°C.
7) 200°C, By 225°C, 9) 250°C,
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Tahle 1. Relative emission intensity, 1, of 0.01 M Eu([11)
as a function of Cl04~ concentration and temperature

. 001M  05M  5M

L-TCK) gyl NaClet NaCOgF!  fitted
208.15 045 044 045 046
32315 049 047 049 0487
34815 050 050 051 0517
37315 054 054 0514 0.552
398.15 058 056 058 0592
2315 062 060 061 0537
44815 068 067 069 0687
47315 071 072 075 0741
49815 076 080 082 0.800
52315 086 088 081  0.864

- Ralative intensity

FYNE S USRS LS RIS VU N S V|

" L |
0.04 008 0.12 0.16 0.2

Concentration (mol/))

Fig 2. Relative emission intensity of 0.0t M Ew(ll]) as a
function of nitrate concentration and temperature.
®25°C. a23°C, @75°C, 0100°C, al125°C. QO
150°C, ®175°C, * 200°C, * 225°C.

wol MY Ao AAY F Qo LEF7)
o A A71e) Wi EE EuwliDel29) ¥
FamEege] 2} oM 2o YT e A
=& 27 A4 AR A7), F K2/1)=A+BT
+CT°8 P52 2ach olgh Bo] 7 x4
<2 d¥e] W3 JEAE S g5 EF=2 A2
AL Ayl 1A qlorvR 7} 2R HF
ge e A geiHe]r] HEelrh o|FA
gto] Fgt 2 oA} M A EE Tadle 19

Vol. 34, No. 6, 1990

Tuble 2. Formation constant of EuNOs(H,0)2+
L- T(°C) K,

Technigue? Ref

Eu  NOy 25 221  Em-l this
work
22 1.52  Ex-l 12
25 2.73  Sol-exc 2
24 1.40 fon-exc 8
25 0.30 lon-exc 6
30 1.85 fon-exc 13
22 2.400 lon-exc 14

“Ex-[=excitation intensity; Em-1=emission intensity:
Sol-exc = solvent exchange; lon-exc = ion change.
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Fig. 3. InK value of 0.01 M EuNO«H,0”+ from 25°C
to 250°C.

Table 3. Formation constant of EuCKH,0),2+

L- T(°C) K Technigues  Ref.
Ee CF 25 008 Em-i thix
work
22 0.13 Ex-1 12
25 0.80 Jon-exc 1
26 0.80 Ton-exc 4
20 0.95 Ion-exc 1
25 0.7t lon-exc 14
30 102 lom-exc 13

*Ex-12 = excitation inensity: Em-1= emission intensity:
Sol-exc = solvent exchange: lon-exc = ion exchange.
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Fig 4. Relative emission intensity of 0.01 M Ew(l1l) as a
functior of choride concentration and temperature,
25°C. as50°C, ®75°C, O100°C, O125°C, A150°C.
D175°C, *200°C, &« 225°C,

lﬂkf

'3~n...a...|...|...| I 1]
290 330 370 410 450 490 530
Temperature (K)

Fig 5. Ink; value of 0.02M EuCl(Hy0)2+ from 25°C to

250°C.
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Table 4. The thermodynamic parameters for EulL{H,0),_,2+ complexes as a function of temperature

AS aAG All
T (J/mol-K) {kJ/mol) (kJ/mol

(°K) NO,- Cr Cr Cr NOs~
298.15 -35.42 32.56 -197 6.36 16.06 -10.70
323.15 -2.74 30.47 -2.11 5.86 15.70 -3.51
348.15 25.11 33.87 -2.20 3.55 15.34 3.68
373.15 53.61 27.57 -3.93 4.70 14.99 10.87
398.15 69.57 26.21 -2.09 4.19 14.63 18.06
423.15 98.51 28.81 -6.54 2.08 14.27 25.26
448.15 115.32 27.06 -7.00 1.78 13.91 3245
473.15 130.93 27.35 -7.74 0.61 13.55 39.64
498.15 157.16 24.26 -14.54 .1 13.19 46.83
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