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For detecting neutrinos from a nuclear power plant, we use the inverse beta decay reaction

which produces a positron and a neutron after a neutrino collision. For a neutrino experiment

to be successful, several characteristics of the liquid scintillator (long attenuation length, good

absorbency, chemically stability, steady concentration) are important. Because the physical and

the optical properties of the scintillator should remain unchanged over several years, we measured

the absorbency of the liquid scintillator by using an UV spectrometer and the Gd concentration of

the sample by using EDTA titration regularly.
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%i�Z��� Ô�æõ�ìøÍ6£x�̀¦ s�6 x
�#� "é¶���\�"f ~½ÓØ�¦÷&��H ×�æ$í
p���\�¦ ���Ø�¦½+É Ãº e����. %i�Z��� Ô�æõ�êøÍ ×�æ$í


p����� ³ð&h�\� Ø�æ[�tô�Ç Êê �ª����
�ü< ×�æ$í
��\�¦ Òqt$í

���H ìøÍ6£xs���. $í
/BN&h���� z�́+«>�̀¦ 0AK�"f��H ���Ø�¦l�

?/ÂÒ\� G�0>��� Ó�o�̂$3�F�g���Ø�¦ 6 xÓ�o_� :£¤$í
�̀¦ �����
��¦ e��#Q�� ô�Ç��. ×�æ¹כô�Ç Ó�o�̂$3�F�g ���Ø�¦6 xÓ�o_� :£¤

$í
Ü¼�Ð��H y��ûZ ��o��� U�́�¦, f�̈F�g�̧�� ±ú����� 
� 9, �o�<Æ&h�Ü¼�Ð îß�&ñ

�#� 0lx�̧�� ���
�t� ·ú§���� ô�Ç

��. s�\�¦ 0AK� �:r z�́+«>\�"f��H ��r�F�g��� ì�rF�gF�g�̧>�\�¦ s�6 xK� f�̈F�g�̧\�¦ 8£¤&ñ

��¦ EDTA &h�&ñ
ZO��̀¦ s�

6 xK� ��[�to�³ou 0lx�̧\�¦ 8£¤&ñ

�%i���. ¢̧ô�Ç z�́+«>s� Ãº�̧�\� ���5g ���'��÷&l� M:ë�H\� �©�l�&h�Ü¼�Ð�̧ Óüto�F�g

�<Æ&h���� :£¤$í
s� Ä»t�÷&#Q�� ô�Ç��. s�\�¦ 0AK� f�̈F�g�̧ü< ��[�to�³ou 0lx�̧\�¦ 2ÅÒ���� ÅÒl�&h�Ü¼�Ð 8£¤&ñ

����

"f ����o\�¦ �̧m�'�a�A 
�%i���.
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I. "e Â]Ø

1. u��=kV	È°ËÑ ßeÈûsÚ �ÓÞu��8ý ��VRË

#��Qz�́+«>\�"f×�æ$í
p������Ø�¦_�0AK�Ó�o�̂$3�F�g���Ø�¦6 x

Ó�o (LS, liquid scintillator)�̀¦ ��6 x
��¦ e���� [1]. {9�ìøÍ&h�
Ü¼�Ð Ó�o�̂$3�F�g���Ø�¦6 xÓ�o�Ér 6 xB� (base solvent)\�¦ l�ìøÍÜ¼
�Ð �̧{9� (oil)�̀¦ �D¥½+Ë
��¦, ynC�̀¦ è­q $3�F�g�̂ ��ÀÒ (fluor)\�¦
V,���H��.~½ÓØ�¦|̈cynC_����©��̀¦F�g7£x;�¤�'a (PMT, photomul-
tiplier)_� þj@/ �ª��� ò́Ö�¦\� ú́�ÆÒl� 0AK� ���©� ����â
 Óüt|9�
(wavelength shifter)�̀¦ '����
�l��̧ ô�Ç�� [2].
ynC ~½ÓØ�¦|¾Ós� ú́§��"f ���©� ú́§s� æ¼s���H 6 xB���H PC

(pseudocumene, C9H12, 1,2,4-trimethylbenzene)s���.
�
t�ëß� µ1Ï�o&h�s� ±ú��¦ (48 ◦C) 8̈��â
õ� ����̂\� B�Äº Ä»K�ô�Ç
éß�&h�s�e��#QÄ»K�$í
�̀¦y���èr�~�́3lq&h�Ü¼�Ð�B$3� (diluent)
6 xÓ�o�̀¦ ��6 x
���HX<, dodecane (C12H26)s��� mineral oil
(MO, CnH2n+2, where n = 11∼44)�̀¦ ��H�� [3].
ynC�̀¦ ?/l� 0Aô�Ç $3�F�g�̂ ��ÀÒ�Ð��H PPO (2,5-

diphenyloxazole, C15H11NO)�� BPO (2-(4-bipheny)-5-
phenyloxazole), p-terphenyl (PTF) 1pxs� ��6 x÷&�¦ ��

�©� ����â
 Óüt|9���� 1,4-bis(5-phenyl-2-oxazolyl)-benzene
(POPOP, C24H16N2O2), 1,4,-bis(2-methylstyryl)-
benzene (bis-MSB, C24H22)\�¦ '����ô�Ç��.
�:rz�́+«>\�"f��H���+þA·ú�~�́�$�H$� (LAB, Linear Alkyl Ben-

zene, CnH2n+1-C6H5, n = 10∼13)�̀¦6 xB��Ðs�6 x
��¦$3�
F�g�̂ ��ÀÒ 3 g/l_� PPOü<���©����+þAÓüt|9� 30 mg/l_� bis-
MSB\�¦ 0lq#� ��6 x
�%i��� [4].

2. u��=kV	È°ËÑßeÈûsÚ �ÓÞu�� <g�º

×�æ$í
p������Ø�¦�̀¦0AK�%i�Z��� (νe +p −→ e+ +n)Ô�æõ�
ìøÍ6£x�̀¦ s�6 x
�l� M:ë�H\� s� ìøÍ6£x\�"f µ1ÏÒqt
���H ×�æ$í
��

\�¦ ú̧� �íS\�
���H ��s	כ ×�æ¹כ
��� [5]. s�\�¦ 0AK� ×�æ$í
�� �í
S\� éß����&h�s� Z�}�Ér ��[�to�³ou (Gd)�̀¦ ∼0.1% 6 xK�ô�Ç Ó�o�̂
$3�F�g���Ø�¦6 xÓ�o (Gadolinium-loaded LS, GdLS)�̀¦ ëß�[þt#Q
��6 x
�t�ëß� �FK5Åq��� ��[�to�³ou�̀¦ Ä»l� 6 xB�\� '���� 6 xK�


���H ��Ér	כ çß�éß�
�t� ·ú§��. Ä»l� 6 xB�\� �FK5Åq"é¶�è\�¦ 0lqs�
l� 0AK� �FK5Åqõ� Ä»l�6 xB�\� 0lq��H Ä»l� o�çß�×¼\�¦ ���½+Ër�

&� Ä»l��FK5Åq (organometallic)�̀¦ ëß�×¼��H ZO��̀¦ s�6 xÙþ¡��.
Ä»l� o�çß�×¼�Ð��H 
�ØÔ4�¤z�́íß� (carboxylic acid) ×�æ_� 
�
����� TMHA (3,5,5-trimethylhexanoic acid)�̀¦ ���×þ�Ùþ¡��.
Ä»l��FK5Åq��� Gd-TMHA��H��6£§õ�°ú �ÉrìøÍ6£xd���̀¦s�6 x
�
#� ]j�̧½+É Ãº e���� [6].

RCOOH + NH3 ·H2O −→ RCOONH4 + H2O (1)

RCOONH4 + GdCl3 −→ Gd(RCOO)3 + 3NH4Cl (2)

(1)����Ér
�ØÔ4�¤z�́íß�\�����̧m���Ãº\�¦'����K�"f×�æ�or�v�
��HìøÍ6£xd��s���. (2)����Ér (1)���ìøÍ6£x\�_�K�ëß�[þt#Q���×�æ�o
�)a 
�ØÔ4�¤z�́íß��̀¦ GdCl3Ãº6 xÓ�oõ� �D¥½+Ë
�#� Ä»l��FK5Åq�̀¦
½+Ë$í

���H �¦̀�	כ ���� �·p�� [7]. �:r z�́+«>\�"f��H Gd-TMHA
\�¦s�6 x
�#�Ó�o�̂$3�F�g���Ø�¦6 xÓ�o\���[�to�³ou�̀¦ 0.1%6 xK�
r���� Ò�re�¦�̀¦ ��6 x
�%i���.

3. u��=kV	È°ËÑ�ÓÞu��8ý ~¿�� �ºügÅ

%i� Z��� Ô�æõ�õ�&ñ
\�"f µ1ÏÒqtô�Ç ynCs� F�g7£x;�¤�'a\� ú̧� �̧

²ú�
��9�����[�to�³ous�6 xK��)aÓ�o�̂$3�F�g���Ø�¦6 xÓ�o?/\�Ô�¦

í�HÓüts� \O��¦ ynC ~½ÓØ�¦|¾Ós� &���ô�Ç��. ����"f f�̈F�g�̧ °úכs�
������� 
� 9 |�� y��ûZ��o�\�¦ ��t��¦ e��#Q�� ô�Ç��. #�l�"f
y��ûZ��o���H ���Ø�¦l�\�¦ :�xõ�½+É &ñ
�̧�Ð Ø�æì�ry� U�́#Q�� ô�Ç

��. Óüt�̂\�¦ ��¹1Ïr�v����� ��\P�
�#� #QÖ¼ &ñ
�̧_� �:r�̧��
÷&��� ��l� r����
���HX< s� µ1Ï�o&h��Ér Z�}�̀¦Ãº2�¤ a%~��. ���Ø�¦
l����̂ü< f��]X�&h���� ìøÍ6£x�&³�©�s� {9�#Q��"f��H îß��)a��. ×�æ
$í
p������Ø�¦z�́+«>�Ér@/|¾Ó_�Ó�o�̂$3�F�g���Ø�¦6 xÓ�o�̀¦��6 x
�

��H �â
Äº�� ú́§l� M:ë�H\� ��Êê%�o��� ���½̈"é¶_� îß�����̀¦ 0A

K�"f�̧ 8̈��â
s��� ����̂\� ÁºK�½+ÉÃº2�¤ a%~��.

II. Ä]Ø Â]Ø

1. ÿ��°ËÑy¢ (Absorbency) �	¤XNË +sÇÊÝ

y��ûZ��o�\�¦>�íß�
�l�0AK� Shimadzu UV-1800�̀¦��6 x

�#�f�̈F�g�̧°ú8£¤¦̀�כ&ñ

��¦�©�l�&h����îß�&ñ
$í
�̀¦·ú����Ðl�

0AK� 2ÅÒ\� 1�rm�� 8£¤&ñ

�#� ÅÒl�&h�Ü¼�Ð ¶ú�(R�Ð��¤�� [8].
8£¤&ñ
\� s�6 xô�Ç Ò�re�¦�Ér "é¶:�x+þA !sq (cylindrical cell)\� V,�
�¦ {9�½̈ü< Ø�¦½̈\�¦ �����2; êÁ�Ü¼�Ð y���� x9�4�x�Ð�'a 
�%i���.
f�̈F�g�̧\�¦ A, 8£¤&ñ
 !sq_� U�́s�\�¦ L s����¦ ½+É M: y��ûZ��o�
λ��H Beer-Lambertd��\�_�K� λ = 0.4343 (L/A)�Ð>�íß�½+É
Ãº e���� [9]. f�̈F�g�̧ A��H F�g7£x;�¤�'a_� �ª���ò́Ö�¦s� þj@/{9�
M:_����©� 420 nm{9�M:8£¤&ñ

�%i���.r�çß�\����Érf�̈F�g�̧
8£¤&ñ
���õ�\�¦ Fig. 1\� ����ÍÇx��. 2�̧� s��©� 8£¤&ñ
K��̧ 9 Ò�r
e�¦_� îß�&ñ
$í
�̀¦ �̧m�'�a�A
��¦ e����HX< spectrometer_� �̧
	� #3�0A ?/\�"f ���
�t� ·ú§��¤6£§�̀¦ ·ú� Ãº e����.

2. FT-IRùp§ T��ÓÞ�X¢ �	¤XNË +sÇÊÝ

FT-IR (Fourier transform infrared spectrum)�Ér &h�ü@
��� ì�rF�g�©�u��Ð &h�ü@��� f�̈Ãº Û¼&7�àÔ!3��Ér ì�r��_� ½̈�̧\�
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Fig. 1. (Color online) Absorbency (Abs) as a number of days.

Fig. 2. FT-IR of GdLS (Gd-loaded liquid scintillator).

l��íô�Ç :£¤Ä»_� ���1lx Û¼&7�àÔ!3�s�l� M:ë�H\� ���Ér ì�r$3�ZO�

\�"f��H ·ú� Ãº \O���H ì�r��_� ½̈�̧\� @/ô�Ç ×�æ¹כô�Ç &ñ
�Ð\�¦

%3��̀¦ Ãº e����. ��6 xô�Ç &h�ü@ %ò
%i��Ér 4000 ∼ 400 cm−1_�

#3�0A�Ð q���õ� ì�r$3�s� 9 &ñ
$í
ì�r$3�\� ò́õ�&h�s���. Ò�re�¦
�̀¦ &ñ
$í
 ì�r$3�ô�Ç ÕªA�áÔ\�¦ Fig. 2\�¦ :�xK� SX����½+É Ãº e����.
Gd-TMHA peak (1538, 1429 cm−1)�̀¦ �'a¹1Ï½+É Ãº e��%3�Ü¼
 9 Óüt (H2O) _� peak (3200 ∼ 3500 cm−1)�Ér ������t�
·ú§��¤��.

3. EDTA XìÄXNËUês0nÉ®�zº ��ôvÚP��ÕÛ �ÒÞy¢ �	¤XNË

��[�to�³ou 0lx�̧\�¦ 8£¤&ñ

�l� 0AK� EDTA &h�&ñ
 ZO��̀¦ ��
6 x ô�Ç�� [10]. Ò�re�¦�Ér f�̈F�g�̧ Ò�re�¦õ���H Z>��̧�Ð 100 ml Ä»
o�#î
\� �Ð�'a
��¦ e����H �¦̀�	כ #î
 ×�æ�©�\�"f �è|¾Óm�� G�2[K�

8£¤&ñ

�%i���. t�r����, buffer solution, GdLS Ò�re�¦s� {��|��
Ãº6 xÓ�o\� EDTA 6 xÓ�o�̀¦ ÂÓ�Ï@Ü¼�Ð ô�Ç ~½ÓÖ�¦m�� b��#Qä¼�9
"f �Ð��Ò�o��� t�r����_� Ò�o¾ú�s� �̧êøÍÒ�oÜ¼�Ð ���
���H í�Hçß�

��t�, &h�&ñ
\� ��6 xô�Ç EDTA 6 xÓ�o_� �ª��̀¦ ·ú���� ��[�to�³ou
_� 0lx�̧\�¦ >�íß�½+É Ãº e����. 2ÅÒ\� 1�r ��[�to�³ou_� 0lx�̧
\�¦ ÅÒl�&h�Ü¼�Ð 8£¤&ñ

�#� gË>��� x9� 0lx�̧ ����o Ä»Áº\�¦ t�5Åq

&h�Ü¼�Ð �'a¹1Ï
�%i��¦ Fig. 3�Ér Õª ���õ�\�¦ �Ð#�ï�r��.

4. Karl-fisher Uês0nÉ®�zº �¤ÄZØ]K¤Sës �	¤XNË

Ó�o�̂-Ó�o�̂ �§8̈�~½ÓZO��̀¦ :�xK� Ä»l��FK5Åqõ� ��[�to�³ou Ãº
6 xÓ�o�̀¦ÂÓ�Ï@Ü¼�Ð�è|¾Óm��b��#Qä¼�9"f��[�to�³ou�̀¦Ä»l�6 x

B�\� 6 xK�r�v��¦ 8£x ì�ro�\�¦ r�&�"f Óüt�̀¦ ì�ro�ô�Ç��. ÕªXO�
l�M:ë�H\�þj7áxÒ�re�¦\�Óüts��<ÊÄ»÷&��H�V}���̀¦Ãº\��¦̀�	כ

��H\O�t�ëß�Ò�re�¦�̀¦¢-a$í

��¦|9��è purging �̀¦:�xK�"fÃºì�r
�̀¦ �<Ê|¾Ó�̀¦ þj�è�o r�~�́ Ãº��H e����. Karl-fisher ~½ÓZO��Ér r�
���5Åq_� ��¼×¹�̧כ OH−ü< ëß��� s��:r�o÷&#Q K�o�÷&��H õ�

&ñ
�̀¦ s�6 xK� Ãºì�r�<Ê|¾Ó�̀¦ 8£¤&ñ
½+É Ãº e����. s� "é¶o�\�¦ &h�
6 xô�Ç Mettler Toledo��_� 8£¤&ñ
l��Ð Ãºì�r�<Ê|¾Ó�̀¦ ppm éß�
0A�Ð 8£¤&ñ

�%i���. 8£¤&ñ
���õ���H 78.3 ± 5.0 ppmÜ¼�Ð z�́+«>
���õ�\���H %ò
�¾Ó�̀¦ p�u�t� ·ú§�̀¦ Ãºï�rs��� [11].

III. ~¿ Wdl

×�æ$í
p������Ø�¦\�æ¼s���H LABl�ìøÍÓ�o�̂$3�F�g���Ø�¦6 x
Ó�o (LAB-based LS)�̀¦ ëß���H Êê, Ó�o�̂-Ó�o�̂ ÆÒØ�¦~½ÓZO�Ü¼�Ð
��[�to�³ou�̀¦6 xK�r�(����.Ãº�̧�çß�_�$í
/BN&h����z�́+«>�̀¦0AK�
GdLS_� �©�l�&h� îß�&ñ
$í
õ� Ãºì�r�<Ê|¾Ós��� f�̈F�g�̧ 1px Óüto�
F�g�<Æ&h���� :£¤$í
[þts� ×�æ¹כ
���. ÅÒl�&h�Ü¼�Ð f�̈F�g�̧ü< Gd
0lx�̧\�¦ 8£¤&ñ

�#� �̧	� #3�0A ?/\�"f {9�&ñ
�<Ê�̀¦ SX����
�%i�

��. ¢̧ô�Ç FT-IR�̀¦ :�xK� Ò�re�¦_� ½̈�̧&h���� &ñ
�Ð\�¦ SX����
�
�¦ Ãºì�r�<Ê|¾Ó 8£¤&ñ
�̀¦ :�xK�"f þj7áxÒ�re�¦s� ×�æ$í
p��� z�́+«>

\�"f 
̈½¹כ���H �̧|	��̀¦ Ø�æ7á¤
���H �¦̀�	כ SX����
�%i���.

Pcp��8ý òk>

s� �7Hë�H�Ér &ñ
ÂÒ (�§¹¢¤õ��<Æl�ÕütÂÒ)_� F�"é¶Ü¼�Ð ô�Ç

²DG���½̈F�éß�_� l��í���½̈ ��\O� t�"é¶ (2012-0007850,
2012M2B2A6030210, 2009-0083526, 2012-0001177)�̀¦ ~ÃÎ
�� Ãº'���)a �.��e	כ
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Fig. 3. (Color online) Gd concentration as a number of days.
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