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Preparation of Anhydrous Europium(I[) and Europium( I )
Chlorides, and Spectroscopic Studies of their Complexes

Kim, Sang Bock
Dept. of Chemistry
(Received April 19, 1983)

{Abstract)

Anhydrous europium(l) chloride and europium(l) chloride have been prepared from europium
trioxide. Europium(I) chloride is unstable in air and oxidised quickly to europium(Il) chloride.
Europium(II) chloride have a band at 393 nm and curopium(H) chioride in aqueous solution

shows two bands at 320 nm and 248 nm.

g a2y F (D3 4329 +(1)Y Az 23

A 4 %
s % &
(1983, 4. 27 4 )
2 o
A2 5 (B 0% AHgstel Fod3H2 4 (DS Fodated $(DE Azstgsh T
2SS AAFAA Ao 24 dRFel BT FAF2ALADL Ao §3HFLy)
F(DE 303nme A FE0E Am A4 A ¢ 2] e (1) 320nm s} 248nm o) ] F4o] 5

& 2 A davh

anhydrous europium(Il) chloride and europium

1. Introduction

The replacement of caleium({l) by europium
() was reported 1n a protein, concanavalin
AW, Measurenenis of the magnetic circuler
dichroism (MCD) spectra of the europium(I])
ion of concanavalin A were observed a spectrum
which is quite different to that of the aquo and
EDTA complexcs. UV and visible spectroscopic
properties of curopium(J]) chloride in water
was studied in Ph, D, thesis of B.D. Mortiimer
in 1980. " The aim of the project was to study
spectroscopic properties of EuCl; m non-aqueous

solvents. Before this could be accomplished

(ll) chloride had to be synthesised. ®®

I. Experimental

1. Preparation of Anhydrous Europium
(M) Chloride

(1) Dehydration with Ammonium Chloride
and Hydrated Europium(l[) Chloride

About 1.0 g of hydrated europium(][) chloride
was mixed with about 1. 0 g of anhydrous ammo-
nium chloride, ground throughly in a mortar
and pestle, and placed in the sample holder of

an electric furnace. The mixtiure was hcated
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Table 1. Analysis of EuCl;

Exp | Sample | Temp. Time % Cl Purity
: Reagents Colour

No. No. °C Hrs. Theor. | Found %

1 | MN 8o 320 8 a2 | ses | 3 | pHydated, ) e

2 X-103 30 | 93 ” 37.60 91,3 | Eu:0. NHCI "

3 X-104 415 9 " 38,82 94,2 ” "

4 X-105 315 4 " 38,93 94.5 " ”

5 X-106 285 | 54 " 33.08 80.3 ” ”

1

-alowly 1n vacuo to 200°C to drive off the water,
and finally the temperature was raised to320°C
to sublime the NH4Cl during a period of eight
‘hours, @ Anhydrous europium(q) chloride was
-a light yellow powder.
gave 38.66% chlorine. Theoretical value of
«chlorine is 41,2 9%,
temperatures and duration of the reaction is
.shown in Table 1.

(2) Dehydration of NH,Cl in vacuo

About 10g of hydrated NH,Cl was placed in

Elemental analysis

The effect of varing the

a sample holder of the glass chamber 1n a ele-
«ctric furnace, and then heated the sample in
a vacuum at 300 to 320 °C for about two hours,

(3) Dehydration with Ammonium Chloride
and FEuropium(]]) Oxide

About 0.5g of europium (T[) oxide (99.9%,
Rare Earth Products Ltd.) was dissolved with
heating in 4.0m] of concentrated HCI ' and
'0.6 g of anhydrous NH,Cl was added. The mix-
ture was evaporated to dryness and heated to

200°C on the hot plate, Then it was transferred

to the sample holder in the clectric furnace.
The sealed
vacuum and slowly heated, After two hours,

system was then placed under
the temperature was 200°C. All the water was
driven off and the NH,Cl began to sublime.
The iemperature was raised to 315°C and main-
tained at this temperature for a further 1%
hours during which time all the NH,CI sublimed.
The apparatus was permitted to cool, filled
with pure dry N, gas, and anhydrous europium
(M) chloride was transferred to the N, filled
glove bag. The product was a light yellow
powder. Elemental analysis gave 38,93 % chlo-
rine. Theorctical value of chlormme is 41.2 %.
The cffect of varing the temperatures and
duration of the reaction 1s shown in Table 1. ®
Dehydration of ammonium chloride was prepa-
red that about 10g of hydrated NH,Cl was
placed 1n a sample holder of the pyrex chamber
m a electric furnace, and then heated the
sample m a vacuum at 300 to 320°C for about

two hours, @

Table 2. Elemental Analysis of EuCl,

Exp. Sample l Theorefical Found

NO. NO. ‘ N H Cl N H Cl
1 MN 80 0 0 41.2 <0.3 2.49 38.66
2 X- 103 0 0 41,2 <0.3 1,72 37.60
3 X- 104 0 Q 41.2 <0.3 0.76 36.82
4 X- 105 0 Q 41,2 <0.3 0.47 38.93
5 X- 106 0 0 41.2 <0.3 3.09 33.08
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Table 3. Analysis of EuCl,

Temp.

% Cl

Purity

Exp.| Sample Time
S Reagents Colour

NO. | NO. °C Hrs. |Theor, | Found %

1 [ FW o7l 700 6 | 3.8 | 19.19{ 60.3 MNgo, HCl, H, grey and white

2 | RS 100 700 5 ” 19.57 { 61.5 MNso, HCl, H, "

3 | MNi1sg, 700 7 ” 24,99 | 78.6 MN8go, HCl, H, ”

4 | Toos | 700 5—%— » 28.49 | 89.6 | MNso, EuCl, H, N, white

TO009 black
5 | X-201| 700 11 p 24.83 81| ides L N, black
6 | X-102| 700 1| » | 2677 | 84z | T0O9 white particles, | o, d white
21 2
7 | X-107| 475 2 " 21.73 | 68.3 X:104,2 EuCl,, ”

(4) Analysis of Europium (I[) Chloride

Table 1 shows five preparations with different
temperatures and times. The first sample was
prepared with hydrated europium(Il) chloride,
but for the other samples europium(I[) oxide
was first dissolved in the concentrated hydro-
«chloric acid. The best result of experiments is
the 4th experiment which shows sample number
X-105. Its purity is 94.5%. Elemental analysis
of europium(J[) chloride are shown five experi-
mental data in Table 2,

2. Preparation of Anhydrous Europium([[)
Chloride

(1> Reduction with Hydrochloric Acid and
Hydrogen Gas

About 1.0 g of anhydrous europium(II) chlori-
-de was slowly heated with HCl gas in a stream
of flow rate and H; gas (3 bubbles per second)
until 700°C had been reached after 7 hours.
The reaction mixture was cooled to 400°C and
HCl and H. gas changed for a stream of N, gas.
The product was transferred to N, filled glove
bag. This is sample number MN 180 in Table
3. Elemental analysis gave 24.99 % chlorine,
Theoretical value of chlorine is 31.8%. The
effect of varing the temperatures and duration
«of the rcaction 1s shown in Table 3.

(2) Reduction with Hydrogen Gas

About 1.0g of anhydrous europium (1I) chlo-
ride (sample NO, MN80) was heated with H,
gas until 700°C had been reached after 5%
hours. The reaction mixture was cooled 1o 400°C
and H, gas changed for a stream of N, gas.
The product was transferred to N, filled glove
bag. This is sample number T009 in Table 3, @
Elemental analysis gave 28.49 % chlorine. The-
oretical valuc of chlorine is 81.8 %. The effect
of vating the temperatures and duration of the
reaction 1s shown in Table 3.

(3) Analysis of Europium (JI) Chloride

Table 3 shows scven preparations with diffe-
rent temperatures and times. Experiments from
but the
others without HCl. Experiments without HCl

first to third werc done with HCI,

arc seemed to be better than those with HCI,
The best result is 4th experiment which shows
sample number TO009. Elemental analyses of
curopium (]I chloride are shown seven experi-

mental data in Table 3.

. Spectroscopic properties

1, UV and visible spectroscopic property
of Europium(]]) chloride

Europium(I[) chloride(sample X-104 1n Table
1) has an optical density of 0.005 at 394 nm,
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Fig.1. UV and visible absorption spectrum of EuCl, (X-104)

Kim, Sang Bock

00t

0 008 ~——

TR 300 350 400 nm

0 U5

Absorbance

JU0 - du2 400 nm
Wardlehgth

A0 nmw

0.2
0l
]
3K 395
20 w30 & 4w T " 500 nme

Wvelength

Fig.2. UV and visible absorption spectrum of EuCl,
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which contains 81.44 % of europium([l) chloride
in Figure 1. The solution of europium (II)
chloride was made by adding 0.0164 g of euro-
pium (M) chloride to 12.5m/ of concentrated
HCl, and then diluted with distilled water to
25.0m/ in a volumetric flask.

2. UV and uisible spectroscopie property
of Europium (TI) Chloride

In Figure 2, europium ([I) chleride (sample
T009 in Table 3) has an optical density of
0.00445, which contains 0.01177 g of europium
() chloride. The solution of europium (1)
chloride was made by adding 0.01795¢g of euro-
pium (1) chloride to 12.5m! of concentrated
HCl, and then diluted with distilled water to
25.0m/ in a volumetric flask.

. Discussion

The effect of varing the temperatures and
duration of the reaction is shown in Table 1
and Table 3 in synthesising europium ([[) and
Samples X-105 in
Table 1 gave 38.93% chlorine. Its purity is
94.5%. Sample T009 in Table 2 gave 28.49%
chlorine. Its purity is 89,0 %. Sample MN 180
in Table 3 gave 24,99 % chlorine. Its purity 1s
78.6 %. It 15 supposed that sample X-107 with
least heating shows the lowest 9% Cl. In synth-

europium (1) chlorides.

esising eutropium (M) chloride, it is best to
control the teraperature at 315°C and maintain
this for 4 hours. In the casc of synthesing
europium (11) chloride, we should study further
to contro] temperature and times because we
tried to work only two times in 4th and 7th
experiments without HCl, Generally experiment
without HCl is better than than that with HCL,

In Figure 1 europium (Hl) chloride (sample
X-104 in Table 1) has an absorbance of 0.005,
which means 81.44 % of purity of europium(]I)

chloride. The extiinction coefficient of europium
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Fig.3. UV and visible absorption spectrum of
Eu,0,

(II) chloride was found to be 2,41 M—'Cm—! wh-

ich came from standard solution of europium

() oxide (99.9 %, Rare Earth Products Ltd.)
in Figure 3.

In Figurc 1, the absorption spectrum of Euro-
pium (I) chloride in water shows three bands
at 394 nm, 317nm, and 260 nm. In Figure 3
2,0,01177 ¢ of europium (1) chloride was oxid-
ised to europium (fI) chloride. That mecans
most of the reagent(0. 01795 ¢ EuCly) of europium
(@) chloride was changed to europium (JI)
chloride, The absorption band of europrum (I])
chloride in water shows a band at 395.2nm.
The absorption spectrum of curopium ()
chloride in water (sample T009 n Table 3)
shows two bands at 317nm and 254nm. Some
of this variation may be due io the spectropho-
tometer, Europium(I]) chloride is to be tested
by UV and Visible Spectroscopy before it is

oxidised 1o europium () chloride.
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