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Construction of a Palmtop Size Multi-Turn Time-of-Flight
Mass Spectrometer “MULTUM-S”
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A small multi-turn time-of-flight (TOF) mass spectrometer “MULTUM-S” was constructed, whose basic ion
optical design was half that of the multi-turn TOF mass spectrometer “MULTUM II,” which consists of four
toroidal electric sectors. Two additional electric sectors were introduced to inject and eject ions. The size of the
analyzer was 20�20 cm. It was demonstrated that the mass resolution increased with the number of ion cycles
in the multi-turn part, and a resolution of 4800 was obtained for electron ionization (EI), which generated xenon
ions after 11 cycles.

(Received July 19, 2007; Accepted August 10, 2007)

1. � �

��� ����������������� �� ��

�!"#$%�&'()*+,-.�/0102+3 �
���������4506� ���78���� ��#
9�:;<�&�=>���?�@��� ABCD�E.
,+�F�G� HI;<#J� �KL�;<��� MN
#MOP@�!";<� #��#Q�$R�&�S%� T
U�&'�&��#��S%42/V� W�''���X
6(Y.Z+3 ������[
�)*6� S%+\],
-^+./��8� �� ��:���]0_.S%�0
-'1� 7`?�-�a���b4'Z+3 1K12��
��cdeCD4�+,-�P@'� ��������6
f3]�g^+4hij*+3
��������4506� b*�'.k@�� lmn
DoCp�� qrs�� 4(_t�� udvw5xlmn
ylzADAn{6��78����*01V3 |9:.
6� 78�
1�4�}�.6;"�Z~� ���78'
��}�]<+b46=58� b*�'6���}�6
10�1000>?]<+��Y�'Z/V3 575� ���

'@-^+@�4��~��50P@'@-^+@�� �
���A� �B� C���&]'1�2@��18� D�
}�������'6� E��#�2�����]�A'
1�� ���0-/S%]��.(i02�2@�a123



�'���*V���cdn4(_t�����
�6� 0|4(Tt]F������+b4'� G24(
�A]<0� ��'Z~��j�2���}�]H�^+
b4�'1+4(_t������'Z+3 b*�'.�
�MULTUM Linear plus�1)�3)� �MULTUM II�3)�5)�&�
B��*� ?�X�I��()*01V3 MULTUM

Linear plus'6J�lmn: (EI: electron ionization)l
mn�]�20 12C16O�14N2����CD'���}�
35K]H�53)� MULTUM II'a0 8 EIlmn�'
25K¡¢��}�]H�502+6)3 �V� MULTUM II

'6�DvCz<£¤�d¥dLAlmn: (MALDI)l
mn�]�20� ¦n§m¨n©n I (m/z 1296.7)'�}
� 7K>?]H�50ª~� QM����@-.ª20a
��}��<j*+b4�«�*02+7)3 MULTUM

Linear plus, MULTUM II6� 4a.J@¬zcdN­ 5

cm'� lmn�4S®R]¯2V��O�
1�6 40

cm�40 cm>?'Z+3b*j�78a��.��'�7
`P°.�2���}�]<+b4�'102+�� ��
^+.6�±
1^²+3 ?b'� �j�+��:]Q³
5� MULTUM II�lmn´�µ] 1/2.¶�5V ·J@
¬zcdN­6 2.5 cm¸ 78 �MULTUM-S� ]¹�5�
?�X�I�](/V3 RST'6� 78�ºU4� X�

� Correspondence to: Michisato TDND96, Department of
Physics, Graduate School of Science, Osaka University, 1�
1 Machikaneyama, Toyonaka, Osaka 560�0043, JAPAN,
e-mail: toyodam@phys.sci.osaka-u.ac.jp
��		� 


�
����
�����
�� »560�
0043 � �V¼IW 1�1

J. Mass Spectrom. Soc. Jpn. Vol. 55, No. 6, 2007

�363�



��������	
��


2. ��������	
���
����
�MULTUM-S� ������������

������������������ !"�#$�
%&'����() *+ 3, 8�-./01!"���

����������������234) 56789�

:,�#$�;�<=>?.�) #$�@AB=CD.�
.EFG,=HIJ"�
 EK) 56!L�:,�MN=
OP.) #$�QRST=U=V��/G,�WX) Y
IV��Z[=CD.�.EFG,\HIJ"�
 .K
=V�) #$�=56]�56^,_/`abc�dV�
/�) �efgh�iWj�����k.�l_Mm8).
���n�=o�
 #$�%&'2pq�r st3uQv

Fig. 2. Two methods for ion injection in and ejection from the multi-turn part: (a) S-type and (b) U-type.

Fig. 1. Ion trajectories in a multi-turn TOF mass spectrometer with half the size of MULTUM II simulated using TRIO-
DRAW.10)
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Fig. 3. Ion trajectories in the ion injection and ejection part of the multi-turn TOF mass spectrometer MULTUM-S
simulated by TRIO-DRAW.10)
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Table 1. Transfer Matrix Elements of the Ion Injection and Ejection Part of the Multi-turn TOF Mass Spectrometer
MULTUM-S Simulated by TRIO-DRAW10)

(x�x) » 0.9998 (x�a) » 0.0618 (x�d) »¼0.0120
(a�x) » ¼0.0043 (a�a) » 0.9998 (a�d) »¼0.0004
(t�x) » 0.0000 (t�a) » 0.0241 (t�d) » 0.0000 (t�g) » 0.2000
(x�xx)»¼277.0 (x�xa)» 0.006 (x�xd)» 21.84 (x�aa)» 0.277
(x�ad)» 0.612 (x�dd)»¼0.073 (x�yy)» 1.738 (x�yb)» ¼0.653 (x�bb)»0.043
(a�xx)» ¼12.01 (a�xa)»552.9 (a�xd)»599.0 (a�aa)» 17.08
(a�ad)» 15.17 (a�dd)»¼3.598 (a�yy)» 0.796 (a�yb)»¼13.76 (a�bb)»0.910
(t�xx) » 639.8 (t�xa)» 46.14 (t�xd)»¼0.520 (t�aa)» 0.824
(t�ad)» ¼0.199 (t�dd)»¼0.045 (t�yy)» 0.504 (t�yb) » ¼0.237 (t�bb)»0.067

Fig. 4. Schematic drawing of MULTUM-S.

Fig. 5. Isometric drawing of the electric sector of
MULTUM-S.

Fig. 6. Photograph of MULTUM-S.
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Fig. 7. Timing chart of the experimental events.

Fig. 8. TOF spectra of Xe acquired using four di#erent flight path lengths: (a) 0 cycle, (b) 3 cycles, (c) 7 cycles, and (d) 11
cycles.
The mass resolution increased with the number of ion cycles in the multi-turn part, and a resolution of 4800 was
obtained after 11 cycles. The ordinate is normalized so that the ion signal intensity of the Xe� peak at 0 cycle is 1.
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