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MPT) ���! *+� ,- ����% ./0� '() +1� 2	 �34 56� ���� 78) 9

: ;<�= >: ����# '?0@AB 56% C� DE FG� HI$ J�K >: LM . ICP56

N OE '(% P34 56� QR4S 3T4A� 1�U V #W XY0K �Z9[ ����) '?U

� \@ . ]^_S +1` a 2	 He MPT� �7 3A� bc0d �7N e� fg0K h;� %`

quenching0� iA� j!k . Membrane desolvator) l��� W6� 1��! mn MPT% oG) +

1` a 2	 pqr MPTN s�U V �tu% �;� �` vc�w# 10x �L Dy . z"B !7

�{$# DE �;� s�9 |}9A� vcU � \@ . mn ����� ����� 9E ~% ���

� 78� ���!(� 1.6 L/min) ��9�= �� XY� '() j!�@ . ����% u��?S +1

� 2	 ��FG 4950 K, /� �G 3.28�1014 cm−3� �Y0@ .

ABSTRACT. MPT, which has been developed recently, is very tolerant to aqueous samples. Several types

of MPT have been investigated and is found that the double concentric tube could sustain a stable plasma at

a low plasma gas flow rate. However, the tip of torch is easily ruined. Triple concentric torch has shown the

best stability and the plasma shape, much like that of ICP, especially when the central channel is quartz. The

plasma is exposed and mixed with air as is suggested from the background spectrum, which leads to quenching

of He MPT. Sensitivity of helium MPT equipped with a membrane desolvator has shown 10 times lower than

that of Argon MPT for most of elements except for the ones with relatively high excitation energy. He MPT

requires small plasma flow rate (about 1.6 L/min), stable and simple to use. Excitational temperature and elec-

tron number density measured are 4950 K and 3.28� 1014 cm−3, respectively.
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����� ����(Microwave Plasma; MWP)�
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(TM010)S ���! �7²��G mn�B pqr �
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AAS(Atomic absorption Spectroscopy)��% ���
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 � Á� .15 ÉÃ� .c0� uQ_% Ê7# �Ë

ÌÍ� %` eE RÎS Ï� Á� . � �ËÌÍ
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) t�U � \GÞ ��# 25 mm[ ÿñ4S �é

A� ­2�£ . !7� N-type ���) KY¡Ø
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z ?¶S 
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�	�� 3T4% ª�� ¢S�Þ ����� ¢:

'?0�� /��G# ��� |}9[ ����) '
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�£ . P34 MPT��� ]�4% ü�E �34

56N OA=, ]�4% ª�	 3�4% Ä�% s#

2.3 : 1 � V #W |}� ú � jK� ,�40 3�

4E Ä� 8.7 mm% ÿñ4S 1��£K C tu%

ª�E 5.0 mm� �¢�£ . 3T4E Ä�	 ª��

ÀÀ 3.2 mm, 1.8 mm[ *�4 ¨� 3.0 mm, 1.0 mm

% QR4S 1��£ . ��" ¨� ª� 8.7 mm%

*�S �d 3�4S o�GÞ �¢�£A= 3T4

S � #°Ó� ½6¡á7 ½`� Ä� 7.0 mm% �

� ��Ë �$� ª� 3.2 mm% *�S �E ´ 3

�4	 3T4 1�� !� � \GÞ �£ . �$%

�½�� 1 mm �7% *�S 8� ªd ���� 7

8# laminar '(� �) � \GÞ �¢�£ .

�� �� � �� 	


a ­*�� 1�� 
� W6� �� �"G)

Fig. 2� B�ª@A=, 
� 77 � 
� +ôS

Table 1	 Table 2� Y�M . ����% �� �

¡» GÆ tu% 
9�) ½`� u#W6���

glass frit nebulizer41) 1��£�Ó z ��� � u

#7# $% �7# 0.1µm YG% ¢E �d�&S

'?¡� � \A= u#78% ���� 9A��

Table 1. Instruments used in the experiment

Instrument Model Company

Microwave generator  MPG-4M, 0-120 W Opthos instruments, Inc.
MPT Double or triple concentric torch Constructed In the lab.
Nebulizer glass frit Constructed In the lab.
Desolvator MD-250-48F Perma pure, Inc.
Monochromator Model500 Perkin Elmer
PMT E717-07 Hamamatsu Corp.
Lens Quartz, 75~150 mm focal length
Computer Pentium II Sejin, Seoul, Korea

Fig. 1. Schematic diagram of MPT used in the experiment.
(a) double concentric, and (b) triple concentric (the center
tube is made of copper or quartz).

Fig. 2. Block diagram of the design used in the experiment.
1. computer; 2. monochromator; 3. MPT; 4. generator; 5. memb-
rane desolvator; 6. heater; 7. peristaltic pump; 8. glass frit
nebulizer

Table 2. Optimized conditions used in the experiment

Forward power 120 W
Microwave frequency 2450 MHz
Reflected power <10 W
Plasma viewing mode End-on
Plasma gas flow rate (He) 360 mL/min (double concentric)

1.5 L/min (triple concentric)
Carrier gas flow rate (He) 150 mL/min
Desolvator gas flow rate (Ar) 1.7 L/min
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brane desolvator) ­2�£ . �V ¡»% ��	
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8) 1�M . ¡�E uQ¡�æS 1�MA=, 1000

ppm stock solutionS �+�! ��� 9G� ,�
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Þ DE �0# B�B=, ª��  �Þ ?����
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�34% ��� ���� 78# 9S V� |}9[

����# '?0= � V ×?0� ����� BX

Y�! 56 C� �*d$= >: L�£A�� 5C

¡�% 1�� t9g�£ .

3�4S D#�! P34S 1�� 2	, ����

% '(� �
 �$K XY� 0@ . 56% C�

L�$ ùyK ����G ICP��ê> G�E '(%

����# ��d� 3T4�� ¡») �ÆU ��

|}9A� !7 ¡� � \@ .  � *�4S 3T

4A� 1�U ��� ����# 3T *�4� ��

FE L(�� GH: '?0d �Z9[ ����%

'() ��7# d/IA= !/¬ 3T *�4� 	

Ô� [` >: L�: 0� ��# B�J . 3T4

S *�4 ��� QR4A� 1�U ��� ����

# QR4� é
 ��F$ ùK 3�4% C� ��

��# '?0= �Z� <~S �$U � \@ . ¨

� QR4 C tu�� /� �G# óE ��� ×

K 3T4�� B5� ¡»# �½% ÛÚ° ����

N ÷ 
L�: 0d |}9A� !7Ý � \@ .

Ê #$ MPT % XYG) +1` j7 ½` ÀÀ�

� .c0� �0% L� MN O<) s��! a

2	� Fig. 4N O .

MPT *+� ,- ����% '( � XYG) +

Fig. 3. Comparison of signal with the central tube diameter
for double concentric MPT.

Fig. 4. Precision of emission intensity for different MPT
structures.
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1� 2	 QR4S 3T4A� 1�� P34 MPT

% ����# �� XY� <PS j!Q ¾� p¿

� BËn 100 ppmS 1��! .c0� RÈSS <

~S 4T` � V 3T4�� B5� ¡»# �Z�

����% 3TS �	�� iS U[U � \@K

5VñX 1��!G 56# L�$ ùëS W � \
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Bs 5 mm YG�B ���� 78% �� �G�

,� ��X �7# &�£ .

u#|}S 
�� �7 ½�! ¡»% ���	 u

#78% ���S +1�£ . u#0� �S é
 �

Y�7 ½�!  �5Y ,��) 1�� �:ÈS �

��£A= �Ê� ª�E  - Z�42�� jK0d

\ . 
9�� ¡»°�78N ���� 78% ��

�©E Table 2� �Þ0d \ .

����� �� �� 	�

����� �	
 ��. �� 
9 +ô�� mn

����% ]^_�S +1�£ (Fig. 5 and Fig.

6). UVR[	 VisibleR[��% ]^_S mn ��

��� '?¡òS ��N �d�&S \d�@S V

) s��£ . z]�� � � \� iê> 8��:

mn ������ B5� .c �0) �1�£S V

UVR[��� /89A� ]^� D: B�JA=

290 nm-350 nm1���� ��9[ OH ̧ �N NḨ

�# �: B�JA=, Visible R[��� 570 nm-

660 nm 1��� OH ¸�# B�J . �����

�d�&S �Æ¡á�� +1� ]^ �0���  

- �W��� Ú% &ñ� ^A= OH ¸�# B5

� Ü��� _` DE �0# B5� iS � � \

 . ¼8# �ÆÝ V OH�t�% �0# �: B�

B� i� �­�$� ¼8) �Æ�$ ùE 8��

mn ������% �0N a <�# ^ � iE

�L�: !Kk . z ��� mn78 �8� �u�

�t ��Ý � \$� � a ��� MPT# �7�

� Rc0d \d �73% �Õ7� %� OH �0

# a RÎS b6� iA� � � \ . c, MPT�

�7 ��� �½% �7 � �u	 
L�:0K f

g0� iA� ï�� .


�
� ��
� ��. ����% �?S dej

7 ½` f #$ �� �;% ��_	 �F_% .

c_S +1M (Table 3). �W% _gE ICP �WM43

) hK� �£A= Ê7# s�9 �Ê� �WS _

g�£ . À �;�  �F_	 ��_�� ]^ �0

(B)N �0(S)) +1�! S/B) w:�£K �F_	

��_��% s) w:�! ICP% i	 s��£ .
Fig. 5. Comparison of background spectrum for (a) dry and
(b) wet He MPT (UV).

Fig. 6. Comparison of background spectrum for (a) dry and
(b) wet He MPT (Vis).
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s�9 �F�# ÷ 0� �;��� ICP% i� s

` j��: ó: B�J$� �F�# ÷ 0$ ùE

DE !7�{$% �;���� z <�# _` 9:

B�J . ��9A� MPT ����% �F_� ��

_% s# ICP� s` �� ¢E iS B�ª� ��

� ICPj  ����% FG# L�¬ ó7 V��=,

������ ¡»% k#� ¡�� �� l7 V��

�K j[ . z"B �F�# ÷ 0$ ùE �;��

� z <�# �� 9: B�B� ��� sÞ ��

��% FG� óS$�G mn% DE �{$� %�

sÔ9(non-thermal) !7 m�¿n� ��: ¢�440

K \7 V���K ×À� .

����� �� ��(Tex) � �� ��(ne) ��.

�;% ��_	 �F_% .c Ê7% s) �`�

ICP� s` MPT% mn ����% FG# �� ó

E iS o¢U � \@K 
�� dû YG[$ F

G) �Y` jy . FG �Y . E 2_ .c (two

line emission method)S 1��£ .45 1�� Fe%

9G� 1000 ppmS 1�MA= uQ �WE 302.4 nm,

303.0 nm) _g�£ . *� FG� !7 FG(exci-

tational temperature)�� Åõ mn ����� Ô9

A� s$'(non-equilibrium)L(44� \ëS K/U

V a %b) #$$ J�K  � ��% pG�S

�¡`Q � q� ^Si� . �Y� 2	� 4950 K

A� ICP� Åõ  - pqr ����� ����N

s�15�!G ó: B�J . �iE p� MPT% �

��� ����# 556�� �7� e� bc0d

\d FG# o;0ÚB !7 m�¿n% ��� ��

¤[ mn NXYL( ��¤(metastable species)��

�73% h;� %` e� quenching460d !7L(%

�� ¨� �F% �# 9d$7 V���K ×À� .

����% /� �G) �Y�� . E Saha-

Eggert S 1��£ . rs �;% ��_	 �F_

% s) �Y�! /� �G(ne)) *�£ . w:�

2	, /� �G� 3.28�1014 cm−3�@K ICP� s�

!� óAB � mn �����(�� 1.5�1014 cm−3

t2.5�1014 cm−3)	 s�U V� DE O�@ . [¡

�iE MPT# �7��� h;� %` quenching0d

FG� o;0$� ���� /89A�� $'A� �


 #ö¦$�� /��G� Õ#� K j!k .

�� ��. vc �w) *�7 ½�! ÀÀ% �;

�  ��_	 �F_% �0� ]^s# a �WS

_g�£A= �0� Ñës(S/N)# 3� `��� 9

Table 3. Comparison of ionic line to atomic line ratios in He
MPT

Element
Wavelength

(nm)
Siganl to back-
ground (S/B)

Ionic to atomic
line ratio

MPT ICP

Ca 393.3(II) 17.0 1.2 46.1
422.6(I) 14.2

Sr 407.6(II) 20.1 1.6 194.1
460.1(I) 12.2

Cr 205.5(II) 11.3 0.2 0.8
425.4(I) 16.3

Pb 220.3(II) 10.8 0.3 1.9
405.8(I) 12.3

Mg 279.6(II) 24.6 0.9 7.7
285.2(I) 28.8

Mn 257.6(II) 13.5 0.5 8.1
279.4(I) 16.8

Cd 214.4(II) 13.8 0.2 1.1
228.8(I) 20.0

Zn 202.5(II) 26.2 2.8 3.2
213.8(I) 9.2

Fig. 7. Calibration curves for (a) Pb and (b) Cr.
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G� Y%�£ . vc �w) *�7 /� �� 9G

� ,- .c �0% ék?S Wpj7 ½�! Pb

N Cr� ��! vY u_ +1�£A=(Fig. 7) �8

� úE ék?S j�� iS W � \ . vc �

w) *�7 ½�! �� uQ �K� �� �W��

¡») �Æ¡áK $'� G�� ´ 1¹ ��A�

60î .c �0) vd $% �0) 1K,  ¡ Õ¥

�� 60î ]^ �0) 1d z $%iS ]^ �0

� �£A=, ]^ �0% MN O<) Ñë (N)A�

2Y�£ . Table 4� f #$ �� �;% vc �

w) B�w i� . M�� � � \� ]N O�

mn ����� pqr ����) 1��  - ­*

2	� s` DE vc �w) B�ªK \ . Åõ

 - ­*� u#W6) ¹ë� u#W6� 1��£

7 V�� oG� � 10!x �_Ý � \AB mn

����� pqr ���� j � ���;�� \

d�� oG# �� ó . �$� 3�� iE !7#
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