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Optimization of a Home-Built Desorption Electrospray Ionization
Source and Its Application in Rapid Analysis
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High-performance liquid chromatography/mass spectrometry (LC/MS) is the most useful tool for qualita-
tive and quantitative chemical analysis in the life sciences. However, sample preparation and LC separation
demand an extraordinary amount of time and e#ort. Desorption electrospray ionization (DESI) and direct
analysis in real time (DART) techniques that obtain mass spectra of samples without di$culty have been
developed in recent years. We connected a home-built DESI ion source to an existing mass spectrometer and
examined its performance. In this paper, we report the application of DESI to thin-layer chromatography (TLC)/
DESI-MS in rapid analysis of medicines in serum and concentrated analysis with a solid-phase extraction disk.
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1. � �

���� !"#$%&���'� (liquid chromatog-

raphy/mass spectrometry; LC/MS)()�* ��* �+
��,-.�
��/01234�3��'.56��,
7&89:2; LC/MS9</=�>?@A2BC�!�
DEC&FGH�� (electrospray ionization; ESI)1) I
JK��FGH�� (atmospheric pressure chemical

ionization; APCI)2) (�'L/M�NOP,�Q/�R>
S@* �T�.UV* WXYZ,-.L[��\]�9:
2^_/`�4/ab\:2; 5c* d?e.�fNRg
h2i�jk@* JKl9`�/M�.��Dm�!8
\ne?2okAFGH��* direct analysis in real

time (DART) �3)p5)Iq�BC�!�DEC&FGH�
� (desorption electrospray ionization; DESI)6)p8)\rs
>?^; DART(* tuvD,-N�w>S@x4,�y

��zN�{>S* |?N}~vDjj6/�3���/
���1@FGH�h2��9:2; DESI( Cookse/
��@ 2004�/�_@��>?^6); DESI(* JKl
/0A@ ESI9�{k^E�!H ��QNM�.!"
/DEC&h2dj/��* M�Nq�FGH�h2��
9:2; h,��* DEC&�Q9M���N�Rk@*
E�!H��/��M���NFGH�h2; ESI.��
/��M�N�Q/�R>S2]�\,A.9* M�.L
[�N5��/#�2dj\9�2;
>e/* DESI. ESIDEC&�(E�!H �.^_
.E�!H�.��jk@je�2dj\9�2.9* �
$,��\��e?2; ^j��* Shiea."8&E\r
sk^BC�!�DEC&��C&�&q�FGH�
� (electrospray-assisted laser desorption ionization;

ELDI)9), 10) (*  ¡. !¢£�D��C&�&q�FG
H�� (matrix-assisted laser desorption/ionization;

MALDI) j DESIN¤¥k^FGH��9:2; MALDI

�/0A@(* %¦FGH§¨/��.©4��\q�h
2.9* d.©4��/JKl9 ESIDEC&�QNª
«k@FGH�h2dj/��¬.®¯N°26.9:
2;±^*Van Berkele(*²³�� !"#$%& (thin-

layer chromatography; TLC) j���'�N´µ¥�S
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� TLC/DESI-MS����� aspirin, acetaminophen �
ca#eine�����	� TLC/DESI-MS�����
�
�11)� DESI-MS���������������	��
�
�������� ������ !�"#$# �
����"%&	'12)(15)�#�������)'*+,-
.��/�0��12 "%&	'16)�
����� #3 DESI*4.5��6�&� 7����
������8�9��	��:�� DESI�*4.;<
��� ���=����>?,@�A��)B&�CD�
;E'� FG� ���=��HIJ��K'� ��>?,
@�A���L��C�� ��� ESIM>?,��NO�
�� M>?, !�"#PM�$%�QR ! DESI�S
&'T�U������ (V� DESI*4.5�6)E'
�C�WX� %YZ	�K'� #�� DESI�/���
&� TLC/DESI-MS��	�� ���� [*+�

,��-\.�]	�/0^_�`)ab12_cdMe
��	�3f����g	&�hE'�

2. � �

2.1 ��
i,jk. 6G�4l;,mn o4l�5�p qr� s.
t4u.v. I� uM@Mui.� w�xkyz{z� >i
>�|i,yz{z�*k>�k.z{z�e?s}~.�
+�|,y ohigh-performance liquid chromatography;

HPLC �p� s�@~@�y oHPLC �p� t{ o�
6

�p� 7{�}y o���,�p� TLC>?,@ ov���
y 70F254>?,@p �8��
mn o��� 5�p qr�
perfluorooctane sulfonate (PFOS)����z�-�.�
.����*�-�x. o4l� 5�p qr� �@[*�
�M��*4 o4l� 5�p q r�9��� poly-

tetrafluoroethylene (PTFE)>?,@ o�"� 1.0 mmp �
s��. o��� 5�p qr� b12_cdMe (ENVITM-

18DSK 47 mm)�v��sy���}-�x. o4l�5
�p qr�9���:�;�<=;)>�� oRFD250NB,

ADVANTEC, 4l� 5�p �?)���
2.2 ��
Fig. 1 �� �6�� DESI*4.5���������
oTSQ 7000, ThermoFisher Scientific, ��� y~s�
@¡p �¢£A¤� DESI-MS�B¥C�K'� M�¦-
i�e 1/16§~4.�ud,��	&� ESIM>?,�
�D�¨�6)�� o©�Cp� DESI�M>?, ª��
D�¨�EFv��«�¬��, oE 50 mm, ® 150

mmp +�$%� ®F�v��«�¬��, oE 250 mm,

® 350 mmp ���¯°�*±,"#PM�$%'�EF
�v��«�¬��,GH�®F�«�¬��,)£
0.5(1.0 mm H!Ia_&	'�
JK !�LM"%'NG���>?,@��²�³´
�9%µ%¶O d1, d2, ·P a �QE (Fig. 1)� DESI��
�¸¹º��?e@iM>?,�� !�bRQST��
��UV"»'������*4.;E'� W" 200 mm

Fig. 1. Scheme of a DESI ion source and its parameters a, d1, and d2.
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� 1/16��������	�
�� ��
���	�
�������
�
��������������������	�

(high-voltage; HV) 	� 
� ESI�����!
�"
#�$� d1, d2, a %��
&'()*+,-.'/0
,� 1�����2��� 1/16�������
���
234��5�/0,67�&8�9,�

2.3 TLC/DESI-MS

����/:,;"�<=� ���">��=?6@�
<�"<�ABCB�DED��F=GH�I	1��I
.
� �E�J=/#$>�=/KE/� (L40/20/6/3)

	�M��.
�� ��NO= TLC����/A�1�
�I	�M
�A� TLC�M����	 TLC�P�Q
(��R���S/ 1/16�������
��T U�
8 mm/min �!"/5�*+&'(� SIM (selected ion

monitoring) F�V Wm/z 281, 455, 260	FX$�Y /
DESI-MS	Z8�

2.4 ���������	
��
[\ 3]#�������F=DED	^�_$%�
& 
2�	_$1�� �F=DED	���Q
2
�	'`1�.a,� '`1�% PTFE����. TLC

�����[�()
� _$1�% TLC�����[�
()
b**+�c DESI-MS���	Z8� _$1
�%� $���de&f�+g,	Zhi TLC����
[�A�SS()
��	Z8� S� ���jk	-
lm�/:,��nJX���
�2Z8�

2.5 ���������������
.o�/"'0p/2q1/0,67�� Fr=)H�
.
�s2)H����t<� 6G	39� #$>�=
	39�u45vrw���x�rw�yX�z	Z8
�c� �/{|
��t<� 6G	6
rw���7}
*+� A
�� ��t<� 6G'~8
�9,A�rw
��	1�����.
�� �9 DESI-MS���	Z8
� ���� ��)���/:,:�R�2)H� PFOS

��9�2jk	Z8�

3. ������ 

3.1 DESI!"�#$%
DESI�;
�"#�$�.
�� <2���6!� �
3a,������.A�6!� �������� a,

�	�&f':,� -B(% DESI����)�=���
��	��a�� ��t<� 6G	39�A��>)	
?8� ����"%� 1�����	�Q*i 12@��
A�
2�	 1����.
� ���B%� ��0�
�0 4�Z9� A���C	D�
� DESI�;
�"
#�$�% Table 1 ��
� ��#�����"#�
$� a� d1, d2 (Fig. 1) %� 1������68��&,�

(a) �&'()*�+,-./0��+,�12
PTFE����	39�� ������%#$>�=�
������	�% �4 kV �u�
� <2���6!	
350�1,250 mL/min �E�/� �������6!	
0.5�5.0 mL/min �E�/)*+�����"��>)
	�F
� Fig. 2a %� <2�6!' 800 mL/min �.
0� ����a,#$>�=�6!.����"���	
�a� Fig. 2b %� ����6!' 2.0 mL/min �.0� <
2���6!.����"���	�a� PTFE����
��H%� <2���6! 800 mL/min .�����6
! 2.0 mL/min �G�Hh+' DESI���)��> ¡
/:8�

(b) �&'(34-)*�56
Fig. 2c %� PTFE����	39���������#
$>�=	39� ����	�.��t<� 6G����
�"���	H¢2�/:,� ����	�	� 
&
��2����"'£��&(&9�%� ¤X����
����¥�68�17)� I	J¦IK'��a,Q(/:
,.§¨(B,� A�,L%� ��nJX���H2��
��	�	� 
&��2��t<� 6G.���� ��
nJX�LM� [M�H]� 	�va,-.'/0Q(/
:,� ����	�' 6 kV �.0� ��t<� 6G��
���"'�2N0Q8'� O		P©,�� 4 kV

	ª3
�
Fig. 2d %� ����	�' 4 kV /��������
�«	H¢2�/:,� A�¬«� :��� �L1 : 1

�GH��6®:�����	39¯7'����"'
�9-.'hQ8� &?� n°�X��=��	39
.0� ��t<� 6G��v±²% 50 fmol W0.05 mM�
�I	 1 mLK³� S/NL3Y /:,�

(c) �&'()*� pH�7�
PTFE����	39�� ������%#$>�=�
1�%QR´=F��µ]/:,�������	39

Table 1. Optimal Parameters in the DESI Operation

Parameter Optimal setting

Sample plate PTFE TLC plate Solid phase extraction disk
Electrospray voltage 4 kV 4 kV 4 kV
Electrospray solvent Acetonitrile Acetonitrile Methanol
Electrospray flow rate 2 mL/min 10 mL/min 10 mL/min
Nebulizing gas flow rate 800 mL/min 1,100 mL/min 1,250 mL/min
Heated capillary temperature 250¶ 250¶ 250¶
Tip-to-sample distance (d1 in Fig. 1) 1.5 mm 0.4 mm 1.2 mm
Capillary inlet-to-tip distance (d2) 3.5 mm 2.5 mm 5.5 mm
Incident angle (a) 50· 50· 46·

DESI�1¹.º!��»�¼3
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�� pH������	
 �������� DESI-MS�
���� ��������������� !"#�$%
&�	
 '����� ��������(���)�*#
+,-&."/01 
 '!�� �����23�
0.142.05 �6� "� 23���#7-89�����
���(����6�:����;�#<6=	
 =	
#��� (���)�*�>-?	�@=��� ESI"

��3��6� �#A 


(d) ��������	
?	��B (C���DE#���F���GH�I
J���	
 ��KL� 6G��M����F,1N�-
��� ���F���OP#QR�$%&�	
 '!��
?	��S(TU�A V�2���W� I��-	
 (
C����XYZ�A PTFE� [\�� polymethyl

methacrylate (PMMA), TLC, '=��]��*�W^_
�`ab�� ���C���-	


PTFE, [\�� PMMA�(C����-	"$� m/z

1,296�cd�(����6�:� m/z 649��d�(�
���6�:���=� '�e� PTFE��-	"$#
fg���;�#;&�	
 PTFE�hi*#;-���
V�2���W� Ii�j� 1 mL klmno=	"$�
�p#� 3 mm2 "f+�A�	
 '�	q�� PTFE�
���;�#fgr$&�	"/01 
 �]��*�W
^_�`ab�"���C���-	"$�� ?	���
���� !"#�$%&�	
 '����� �(C��
st=	u��+jk#�]��*�(C���v�� 
!"�e*F� 	q�A "wx.1 
 =	#���
DESI-MS��XYZ�(C��#�-!"#0&�	


TLC(C����-	"$� PTFE�f�yz��V
�2���W� I����;��{|� �}%�S~��
��.1%&�	
 '!��(C���� PTFE�f�

yz�A 2.0 mL/min &. 10 mL/min �<6,B 
"� ���;�#�=|;|%�	
 '����� TLC(
C��� PTFE(C�������(C����@� 
�1*#+,-��� ��#(C�����p=%-	q
"wx.1 
 �	�����f�yzg PTFE(C�
����"P%��-	
 Cooks.7)�� (C���DE
"?	���� DESI���f�yz# F� ��� R
��"�f�F����#A "!�=�- 
 =&
=� ����=	?	��-��� DESI�f�F���
��%&�	
 Table 1 ���=	?	(C���f�
yz���


3.2 TLC/DESI-MS

3�"�#$�%�?	 (12 pmol) ��&=	 TLC(
C��� UV (ultraviolet)\�(���� "� �&=	
��������'�� !"#�$	��� '����
��e�(��  DESI-MS�¡=	
 '�¢�� '1£
1�#$t��(�����¤¥�^`¦����6�:
([M§H]§, [M§Na]§) #���$	
 �	� #$)� 1

pmol �¨.�"� UV\�(���� '����L(
\L������=&©*�$%&�	
 '!�� TLCª
�(��(C��� 8 mm/min ����+&=� «,&
.��¬����� SIM�U� DESI-MS�R��
��	
 Fig. 3 �~�®�¯\¦�°±�� ����&.
�²³�-=� TLC�.´µ&�¶/� 
 Fig. 3a4c

�� ~�®�·�~¸���®��S~���� '1£1
�#$t��(����6�:�QR=�- 
 '�¢
�� '���©*�$%-�����#$) (1 pmol) �
g¹����� !"#�$ ��� º0% TLC���
»"=�1��$ !"#0& 


3.3 
�����������
Fig. 4 �� TLC" PTFE(C����-	"$�%�

Fig. 2. Ion intensities vs. (a) electrospray flow rate, (b) nebulizing gas flow rate, (c) electrospray high voltage, and (d)
types of spray solvents.
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�� (1 mM) � TLC�����	
�������
DESI-����������� ������ PTFE���
������� ! PTFE"#$!%
�� DESI�	

�&'(�")*����+,-.��/"01+23
��4�� 56��"7
8 PTFE����)* TLC�
���9:+;<=>?@ABCD�CE4�� F
�� �����56���GH.��� @ABCDI

��F*JKL%E4�� .%MN� TLC�����	

��� OBP�QRS%TUVW�XMY"��Z<

=� DESI-MS�[\.�]�+^_��*� `a"7b
���Z<=>?[\cd�� @e�feBghg"
i
8j 5 pmol k10 mM lm� 0.5 mL no� S/Np3q
��4��F����Z��rstB (1 mM) "i
8�
uv" DESI-MS �X4�wx� ��rstByz
[M{H]{ �[\.�]�+^_��4� (Fig. 5)�

3.4 ��������	
�����
|�}eB 6G� ESI-MS~ DESI-MS��[\.�]
�+23��4��D (500 pM) "��!� ]�lm

Fig. 3. SIM chromatogram and mass spectra of the developed TLC plate.

Fig. 4. DESI-MS spectra of the sample mixture of propranolol, imipramine, and verapamil obtained using TLC plates (a)
in water and (b) in serum without preparation; and using a PTFE plate (c) in water.

DESI�����?���	
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500 mL ��� 8.5 cm2 �����	
������
�������� ������	
����� DESI-MS

����� �����  !"#$ 6G (29 pmol/cm2) �%
�&'()*+,� (Fig. 6a)� -. PFOS/0123
�%�456+7��89 (1 nM) :;�� ��<=�
500 mL �>?@ABC$D!E+ DESI-MS�����
�� PFOS (58 pmol/cm2) �%�&'()*56+7��
(Fig. 6b)� (�FGHIJKLMH8NOP* DESI-MS

Q>+,'()*RS���

4. � �

PTFETU!V�>?@ DESIBC$W�XYZ[\]
^!_!�`QW����� TU!V�abF�@��
`Qcd*e,fgHh� ijk+7' PTFE) TLC�
TU!V*l?m6�n��� op�qr+s� qrF
' DESItu�`QW�vwsHS���

3Yx�yz�{|}~qr �X 1 pmol� � TLC/

DESI-�����V�S.� �����BC$��[&'
()*+,�� ��+��&'()*��Hqr��
@� DESI-MSs TLC���H%�P+7'()*RS�

Fig. 5. DESI-MS spectrum of creatinine in serum without preparation obtained using TLC plates.

Fig. 6. Direct DESI-MS spectra of (a) rhodamine 6G, (b) PFOS trapped in a solid-phase extraction disk.
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�� ��� TLC����	
���� ��������
	�������� DESI-MS��� !"�#�� $
���%&'() 5 pmol �*+�� ",)� LC /

ESI-MS�-!%&'( (100 fmol) �./01 5023
�� �4�� "�56)7897�����: LC�;�
< !=>	?<������� @A���B
�C6�
�DE!FGE� HIJ&KLMN) 100 mL/min �O
P#QR�*!��� ST�UV�WX��YZ#QR�
*!� HIJ&KLMN��� DESI-MS)� [\��]
�^
#_`�!�

� � abc)� debc (B) (19350045)�fg	
hi0jklm����� ""�no���� �
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