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(57) ABSTRACT 
A mass spectrometer including a sprayer for Spraying a 
Sample Solution, a needle electrode for ionizing the Sample 
contained in the Sample Solution, an aperture for introducing 
the ions of the Sample into a lower pressure region having a 
preSSure lower than the preSSure of a region in which the 
needle electrode is disposed, and a mass spectrometric 
apparatus for analyzing the ions introduced from the aper 
ture. A direction of a spray caused by the Sprayer is almost 
perpendicular to or at an angle with respect to a center axis 
of the aperture, and a tip of the needle is disposed facing to 
an electrode having the aperture. 
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MASS SPECTROMETRY OF SOLUTION AND 
APPARATUS THEREFOR 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This is a continuation of U.S. application Ser. No. 
09/492,352, filed Jan. 27, 2000, which is a continuation of 
U.S. application Ser. No. 08/968,898, filed Nov. 6, 1997, 
U.S. Pat. No. 6,121,608, issued Sep. 19, 2000, which is a 
continuation of U.S. application Ser. No. 08/562,369, filed 
Nov. 22, 1995, now abandoned, the subject matter of which 
is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to mass spectrometry 
of a Solution, and particularly to a mass spectrometer for 
analyzing Substances in a Solution and an apparatus for 
combining a liquid chromatograph used for Separation and 
analysis of a mixed Sample and the mass Spectrometer. 
0003. At present, development of mass spectrometry of 
biological Substances is regarded as important in the field of 
analysis. Biological Substances are generally dissolved in a 
Solution as a mixture, So that an apparatus for combining a 
means for Separating a mixture and a mass Spectrometer is 
under development. As a typical apparatus of this method, 
there is a liquid chromatograph-mass spectrometer (herein 
after abbreviated to LC/MS) available. A liquid chromato 
graph (hereinafter abbreviated to LC) is Superior in Separa 
tion of a mixture but cannot identify each Substance, 
whereas a mass spectrometer hereinafter abbreviated to MS) 
is highly Sensitive and Superior in identification ability but 
not suitable to analysis of a mixture. Therefore, an LC/MS 
using an MS as an LC detector is very useful in analysis of 
a mixture. 

0004. The LC/MS using the conventional atmospheric 
preSSure chemical ionization method which is disclosed in 
Japanese Patent Application Laid-Open 5-325882 will be 
explained hereunder by referring to FIG. 9. 
0005. A sample solution eluted from a liquid chromato 
graph 14 is introduced into a metallic tube 3 via a pipe 1 and 
a connector 2. The Sample Solution comprises a Sample and 
a mobile phase (a buffer solution which flows into the 
Separation column when the sample is separated in the LC). 
However, for the purpose of improving the ionization effi 
ciency in the ion Source (according to the present invention, 
the term “ion Source” means a portion for converting a 
Substance to be analyzed existing in the liquid phase to ions 
in the gas phase and includes a Spray portion for Spraying a 
Solution, a vaporization portion for vaporizing droplets 
generated by the Spray portion, and an ionization portion for 
ionizing a Substance), a Solvent different from the mobile 
phase may be added. The metallic tube 3 is embedded in a 
metallic block 4a. When the metallic block 4a is heated by 
a heating means Such as a heater, a Sample Solution intro 
duced in the metallic tube 3 is sprayed. Fine droplets 
generated by Spraying are introduced into and vaporized in 
a vaporization portion 5 comprising a heated metallic block 
4b. Sample molecules Vaporized in the vaporization portion 
5 are introduced into the ionization portion 6. A needle 
electrode 7 is installed in the ionization portion 6. When a 
high Voltage is applied to this needle electrode 7 from a high 
Voltage Source 8a, a corona discharge is generated in the 
ionization portion 6. 
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0006 Assuming A to be sample molecules to be analyzed 
and B to be molecules of a reaction gas, the atmospheric 
preSSure chemical ionization method is a method for ioniz 
ing A by a chemical reaction of A and B. As a typical ion 
chemical reaction, there are a protonation reaction and a 
deprotonation reaction available as shown below. 

0007 A+BH"->AH"+B (Protonation reaction) 
0008 A+B->(A-H)+BH (Deprotonation reaction) 
0009. According to the prior art shown in FIG. 9, hydro 
nium ions (HO) are generated when a corona discharge is 
generated in the atmosphere and ions Ali-- of the Sample A 
are generated by using the following reaction between the 
hydronium ions and the Sample molecules A. 

0011 Ions of the sample generated by chemical ioniza 
tion in the ionization portion 6 have their trajectory deflected 
by a Voltage applied to a deflection electrode 31 by a power 
Source 30 and drift toward an ion introduction aperture 9a. 
The ions pass through the ion introduction aperture 9a and 
are introduced into a high vacuum portion 12 which is 
exhausted to a high Vacuum by an exhaust System 10b via a 
differential pumping portion 11 which is evacuated by an 
exhaust system 10a and an ion introduction aperture 9b. 
When ions and Solvent molecules pass through the ion 
introduction apertures 9a and 9b, they are cooled by adia 
batic expansion, So that So-called clustering for condensing 
the ions and Solvent molecules again occurs. To prevent the 
clustering, electrodes in which the ion introduction apertures 
9a and 9b are formed are heated. The mass of ions intro 
duced into the high vacuum portion 12 is analyzed by a mass 
Spectrometric portion 13. Nonvolatile compounds that are 
not ionized in the ionization portion 6 are diffused in the 
atmosphere and captured by a capture plate 32. 

0012. An LC/MS using the conventional electrospray 
method which is disclosed in Japanese Patent Application 
Laid-Open 6-102246 will be explained by referring to FIG. 
10. A sample solution eluted from the LC is introduced into 
the metallic tube 3 via the pipe 1 and the connector 2. A high 
Voltage is applied between the metallic tube 3 and an 
electrode 21c in which the ion introduction aperture 9a is 
formed by using a high Voltage Source 8b and the Sample 
Solution is electroStatically sprayed. To assist electrospray, 
gas Such as nitrogen gas is let flow from a spray gas outlet 
40. When fine charged droplets generated by electrospray 
are vaporized, gaseous ions are generated. However, the 
diameter of droplets at the center of the jet is large and it is 
difficult to vaporize droplets with a large diameter, and 
furthermore when droplets with a large diameter adhere to 
the electrode 21c, the temperature of the electrode 21c drops 
and the ion intensity obtained in the mass spectrometric 
portion may vary. Therefore, a Shielding plate 41 for Shield 
ing the center of the jet is installed between the metallic tube 
3 and the electrode 21c and the outer periphery of the jet is 
Sprayed toward the ion introduction aperture 9a. Generated 
ions are introduced into the high vacuum portion 12 via the 
ion introduction aperture 9a, the differential pumping por 
tion 11, and the ion introduction aperture 9b and analyzed by 
the maSS spectrometric portion installed in the high Vacuum 
portion 12. 
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0013 For analysis of biological substances and environ 
mental contaminants, a method for analyzing a Sample 
Solution containing nonvolatile compounds of high concen 
tration is required. 
0.014 For example, in the LC, the mobile phase including 
a nonvolatile Salt is often used experientially So as to 
enhance the Separation ability and the reproducibility of the 
retention time. As a result, a method for analyzing a Sample 
Solution containing a nonvolatile Salt is desirable for a 
detector of the LC. 

0.015 Nonvolatile compounds are contained not only in 
Samples obtained from a living organism Such as urine, 
perspiration, and blood, but also is Samples relating to the 
environment Such as effluents from a factory and water of a 
lake or marsh. To remove nonvolatile compounds from these 
Samples, a complicated pretreatment Such as desalting is 
required. Therefore, in order to analyze biological Sub 
stances and environmental contaminants quickly, a method 
for analyzing a Sample Solution containing nonvolatile com 
pounds is required. 
0016. However, in a mass spectrometric apparatus using 
the conventional atmospheric pressure chemical ionization 
method shown in FIG. 9, when a sample solution containing 
nonvolatile compounds of high concentration is introduced 
into the ion Source of the mass spectrometric apparatus 
comprising an ion Source, a differential pumping portion, 
and a mass spectrometric portion, a problem arises that ions 
of a Substance to be analyzed cannot be analyzed Stably for 
many hours. The reason is that Since the sample Solution is 
Sprayed by using the heated metallic tube, Solvent molecules 
are vaporized in the tube and nonvolatile compounds are 
Salted out on the inner wall of the tube. The inner diameter 
of the metallic tube becomes Smaller because nonvolatile 
compounds are Salted out on the tube wall, and the metallic 
tube finally clogs up. Therefore, the Spray Status varies with 
time, So that the ion generation in the ionization portion is 
adversely affected. 
0.017. When fine droplets containing nonvolatile com 
pounds adhere to the neighborhood of the ion introduction 
aperture installed between the ion Source and the differential 
pumping portion, Solvent molecules are vaporized and non 
Volatile compounds are Salted out around the aperture. In the 
conventional apparatus shown in FIG. 9, by installing the 
capture plate on the ion Source Side, a method for Salting out 
nonvolatile compounds contained in droplets adhered to the 
capture plate on the capture plate is used So as to reduce 
Salting out of nonvolatile compounds around the aperture. 
However, it is actually difficult to capture all droplets 
Sprayed in the atmosphere on the capture plate and Some of 
the droplets are diffused in the atmosphere and reach the 
aperture. Therefore, if the analysis is continued for many 
hours, an actual problem arises that Salted nonvolatile com 
pounds clog up the aperture and ions cannot be introduced 
into the mass spectrometric portion. 
0.018. As an example of a sample solution containing 
nonvolatile compounds, a case where a Sodium phosphate 
water Solution (hereinafter described as a phosphoric acid 
buffer) having a concentration of 20 millimoles/liter is 
introduced into the ion Source at a flow rate of 50 microliters 
per minute will be described. A phosphoric acid buffer is a 
mobile phase which is often used in a detector other than the 
MS, for example, in an LC having an ultraViolet absorption 
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detector. When a conventional LC/MS uses a phosphoric 
acid buffer, the observed ion intensity Starts dropping within 
about 30 minutes after the start of analysis and drops down 
to about /10 of the initial value after one hour has elapsed, 
and the continuation of analysis becomes difficult. 
0019. Whether a problem that the metallic tube or aper 
ture clogs tip due to Salting out of nonvolatile Substances 
arises or not depends on the kind of nonvolatile Substances 
and the total amount of nonvolatile Substances (namely, the 
concentration of nonvolatile Substances and the flow rate of 
the sample Solution) introduced into the ion Source. For 
example, when Substances are analyzed at a flow rate of 1 
microliter per minute continuously for Several hours using a 
phosphoric acid buffer having a concentration of 10 milli 
moleS/liter, the ion intensity observed by the mass spectrom 
eter may decrease. 
0020 Even in the apparatus using the conventional elec 
trospray method shown in FIG. 10, the outer periphery of a 
jet is sprayed toward the ion introduction aperture, So that 
Some of the droplets generated by the Spray reach the 
neighborhood of the ion introduction aperture. Therefore, 
when a Sample Solution containing nonvolatile compounds 
of high concentration is introduced into the ion Source, there 
is a possibility that the ion introduction aperture may clog up 
with nonvolatile compounds Salted out by vaporization of 
droplets. Therefore, in the same way as with an apparatus 
using the atmospheric pressure chemical ionization method 
shown in FIG. 9, a problem arises that if the analysis is 
continued for many hours, the aperture clogs up and ions 
cannot be introduced into the mass Spectrometric portion. 

0021 For the aforementioned reason, an apparatus hav 
ing an ion Source allowing Stable analysis for many hours 
even if a Solution containing nonvolatile compounds of high 
concentration is introduced is required. 

SUMMARY OF THE INVENTION 

0022. An object of the present invention is to prevent a 
metallic tube and an ion introduction aperture from clogging 
up by Salting out of nonvolatile compounds. Another object 
of the present invention is to allow analysis by an LC/MS 
using a mobile phase containing a nonvolatile Salt which 
cannot be used for many hours conventionally. 

0023. According to the present invention, the above 
objects are accomplished by introducing a Sample Solution 
containing nonvolatile compounds Sent to the ion Source into 
the metallic tube, Spraying the Sample Solution by electro 
Spray at a high Voltage applied between the metallic tube and 
the electrode externally installed, ionizing gaseous Sample 
molecules obtained by vaporizing obtained droplets by 
chemical reaction, and analyzing ions of Sample molecules 
by the MS. 
0024. Namely, the present invention is characterized in 
the method and constitution that nonvolatile compounds 
contained in a Sample Solution are ionized by the first 
ionization means and removed by the electric field, and then 
a Substance contained in the sample Solution to be analyzed 
is ionized by the Second ionization means, and ions of the 
target Substance are analyzed by the Spectrometric portion. 

0025 Since a sample solution sent to the ion source is 
Sprayed by electrospray, no nonvolatile compounds will be 
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Salted out by vaporization of Solvent molecules and the 
metallic tube can be prevented from clogging. 
0.026 Electrospray is a method for collecting ions in a 
Solution on the liquid Surface by the electric field and 
crushing the Solution by the force of repulsion acting 
between ions So as to generate fine charged droplets. When 
charged droplets obtained by electrospray are vaporized, 
ions existing in the Solution can be fetched in the gas phase. 
Therefore, Some of nonvolatile compounds which exist in 
the Solution as ions can be converted to gaseous ions by 
electrospray. Ions generated by electrospray are drifted by 
the electric field between the metallic tube and the metallic 
block constituting the vaporization portion and captured by 
the metallic block or the trajectory thereof is curved by the 
potential applied to the needle electrode installed in the 
ionization portion, So that they cannot reach the ion intro 
duction aperture. Therefore, no nonvolatile compounds will 
Salt out around the ion introduction aperture and the aperture 
will not be clogged out. 
0027. A substance to be analyzed which is not ionized in 
the Solution is not converted to gaseous ions by electrospray 
but diffused in the atmosphere as gaseous molecules which 
are electrically neutral and reaches the ionization portion. In 
the ionization portion, ions of the Substance to be analyzed 
are generated by a corona discharge generated by the needle 
electrode and chemical ionization reaction caused by it. Ions 
of the Substance to be analyzed are fetched and analyzed by 
the mass Spectrometric portion in a vacuum via the ion 
introduction aperture. 
0028. A nonvolatile salt which is represented by sodium 
phosphate is dissociated in a Solvent Such as water and exists 
as ions. Therefore, the LC/MS of the present invention can 
use a mobile phase containing a nonvolatile Salt which is 
represented by a phosphoric acid buffer though it is con 
ventionally difficult to use for many hours. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a schematic view showing the constitu 
tion of a mass spectrometric apparatus using an electrospray 
method as a first ionization means and a chemical ionization 
method as a Second ionization means which is an embodi 
ment of the present invention; 
0030 FIG. 2 is an illustration for explaining the embodi 
ment shown in FIG. 1 in detail; 
0.031 FIG. 3 is a schematic sectional view showing an 
embodiment in which the end of the metallic tube is placed 
in the Volatilization portion and a Sample Solution is directly 
Sprayed toward the metallic block; 
0.032 FIG. 4 is a schematic sectional view showing an 
embodiment in which a shielding plate for preventing large 
droplets from Splashing and reaching the ionization portion 
is installed; 
0.033 FIG. 5 is a schematic sectional view showing an 
embodiment in which irradiation of infrared light is used as 
a vaporization method of the vaporization portion; 
0034 FIG. 6 is a schematic sectional view showing an 
embodiment in which a Sample Solution is sprayed perpen 
dicularly to the center axis of the ion introduction aperture; 
0.035 FIG. 7 is a schematic sectional view showing an 
embodiment in which a pan for collecting droplets is used; 
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0036 FIG. 8 is a schematic sectional view showing an 
embodiment in which a gas spray ionization method is used 
as a first ionization means, 
0037 FIG. 9 is a schematic view showing the constitu 
tion of a liquid chromatograph-mass spectrometer using the 
conventional atmospheric preSSure chemical ionization 
method; 
0038 FIG. 10 is a schematic sectional view showing the 
constitution of a liquid chromatograph-mass spectrometer 
using the conventional electrospray method; 
0039 FIG. 11 is a graph showing a change with time of 
the ion intensity obtained by a mass spectrometer using the 
conventional atmospheric preSSure chemical ionization 
method; and 
0040 FIG. 12 is a graph showing a change with time of 
the ion intensity obtained by the mass Spectrometer of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0041 FIG. 1 is a schematic view showing the constitu 
tion of the mass spectrometric apparatus of the present 
invention. A Sample Separated by a liquid chromatograph 14 
is sprayed by an electrospray portion 15 together with the 
mobile phase. The Sample and the mobile phase constitute a 
Sample Solution including a Solvent and a Solute. Droplets 
obtained by Spray are promoted in vaporization in a vapor 
ization portion 5. Gaseous Sample molecules generated by 
the ionization portion 5 are ionized by chemical reaction in 
an ionization portion 6. Ions of the Sample generated by the 
ionization portion 6 are introduced into an ion introduction 
aperture 9b and a high vacuum portion 12 which is 
exhausted by an exhaust system 10b via an ion introduction 
aperture 9a and a differential pumping portion 11 which is 
exhausted by an exhaust system 10a. 
0042. Ions introduced into a vacuum are analyzed in mass 
by a mass spectrometric portion 13. The ionization portion 
6 may be installed in the differential pumping portion 11. 
The differential pumping portion 11 has a pressure between 
Several Pascal to Several hundreds Pascal and can generate 
ions by chemical reaction because Sample molecules and 
reaction gas collide with each other. 
0043 FIG. 2 is a drawing showing a more detailed 
structure than the constitution shown in FIG. 1. The liquid 
chromatograph 14 comprises a mobile phase reservoir 50, a 
pump 51, a Sample introduction portion 52, a separation 
column 53, and a pipe 1. A mobile phase in the mobile phase 
reservoir 50 is pumped up by the pump 51 and sent to the 
sample introduction portion 52 and the separation column 53 
at the predetermined flow rate via the pipe 1. The Sample is 
introduced from the Sample introduction portion 52 and Sent 
to the separation column 53 together with the mobile phase. 
The separation column 53 is filled tip with a packing 
material. The Sample is Separated by interaction with the 
packing material. The Sample Solution eluted from the 
separation column 53 is introduced into the metallic tube 3 
via the pipe 1 and the connector 2. When a high Voltage is 
applied between the metallic tube 3 and the metallic block 
4b by using a high Voltage Source 8b, charges with the same 
Sign are accumulated on the Surface of the Solution by the 
electric field in the neighborhood of the end of the metallic 
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tube 3. When the electrostatic repulsion force generated by 
the accumulated charges becomes Stronger than the Surface 
tension of the Solution, So-called electrospray for generating 
many fine charged droplets is caused. Fine droplets gener 
ated by Spray are introduced into the vaporization portion 5 
comprising the heated metallic block 4b. The metallic block 
4b is heated at about 300° C. by a heater (not shown in the 
drawing). Droplets generated by Spray are vaporized by heat 
while they are passing through the aperture of the metallic 
block 4b. 

0044 Sample molecules vaporized in the vaporization 
portion 5 are introduced into the ionization portion 6. The 
needle electrode 7 is installed in the ionization portion 6. 
When a high voltage is applied to this needle electrode 7 by 
using the high Voltage Source 8a, a corona discharge is 
generated in the ionization portion 6. When gaseous Sample 
molecules obtained by volatilization of droplets reach the 
corona discharge portion, a chemical reaction with primary 
ions Such as hydronium ions generated by the corona 
discharge is caused and ionization of Sample molecules is 
realized. 

0.045. In this case, since the sample solution is sprayed by 
electrospray, nonvolatile compounds will not be Salted out 
by vaporization of Solvent molecules and the metallic tube 
3 can be prevented from clogging up. The part of the 
nonvolatile compounds in the Solution which is ionized is 
converted to gaseous ions by electrospray. These ions are 
captured by the metallic block 4b constituting the vaporiza 
tion portion 5 or the trajectory thereof is curved by the 
potential applied to the needle electrode 7 installed in the 
ionization portion 6, So that they cannot reach the ion 
introduction aperture 9a. Therefore, even if a Sample Solu 
tion containing nonvolatile compounds is used, the nonvola 
tile compounds will not Salt out around the ion introduction 
aperture 9a and there is no possibility that the ion introduc 
tion aperture 9a is clogged up. 
0046) Therefore, according to the present invention, even 
if a Sample Solution containing nonvolatile compounds of 
high concentration is introduced, an ion Source for generat 
ing ions of a Substance to be analyzed Stably for many hours 
can be realized. Furthermore, according to the present 
invention, a mass spectrometric apparatus for analyzing a 
Sample Solution containing nonvolatile compounds of high 
concentration stably for many hours can be realized. 
0047 The polarity (positive or negative) of voltages to be 
applied to the needle electrode 7 and the metallic tube 3 by 
the high voltage sources 8a and 8b may be switched inde 
pendently of each other according to the property of a 
Substance to be analyzed and the property of nonvolatile 
compounds in the Sample Solution. For example, when a 
Substance to be analyzed has a strong proton affinity and is 
apt to be converted to protonated ions, it is desirable to apply 
a positive voltage to the needle electrode 7. When a sub 
stance to be analyzed has a property that negative ions which 
are deprotonated are easily generated, it is desirable to apply 
a negative Voltage to the needle electrode 7. 
0.048 Next, the effect of the present invention described 
in FIG. 2 will be explained on the basis of the experimental 
results. A 50% methanol water Solution containing Sodium 
dihydrogenphosphate having a concentration of 20 millimol/ 
liter is used as a mobile phase and fed to the ion Source by 
an LC pump at a flow rate of 50 micro liter per minute. 
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f-hydroxytheophylline (concentration 100 ppm) is used as a 
Sample. This Sample is introduced from an LC sample 
injector in units of 2 micro liters each time by taking time. 
The mass Spectrometer monitors protonated molecular ions 
(molecular weight 225) of B-hydroxytheophylline. 
0049 FIG. 11 shows a change with time of the ion 
intensity observed by an apparatus using the conventional 
atmospheric pressure chemical ionization method. The ion 
intensity starts reduction about 30 minutes after start of 
analysis. When the apparatus is disassembled and examined, 
it is found that the cause of reduction of the ion intensity is 
that a nonvolatile Salt (Sodium phosphate) in the mobile 
phase Salts out in the neighborhood of the ion introduction 
aperture and the ion introduction aperture is clogged up. 

0050 FIG. 12 shows a change with time of the ion 
intensity measured by using the apparatus of the present 
invention shown in FIG. 2. The dotted line shown in the 
drawing indicates the mean level of the maximum values of 
the ion intensity when each Sample is introduced and almost 
the same intensity is obtained over a period of 6 hours. AS 
shown in FIG. 12, according to the present invention, even 
if a mobile phase containing a nonvolatile Salt is introduced 
into the ion Source, a reduction in the ion intensity caused by 
clogging of the metallic tube or ion introduction aperture is 
not seen and ions are observed Stably for many hours. 

0051. As shown in FIG. 11, if a mobile phase containing 
a nonvolatile Salt is used in the conventional LC/MS under 
the aforementioned condition, a cleaning operation for the 
aperture and others is required every analysis for about 30 
minutes. To clean the aperture, it is necessary to Stop the 
exhaust System aha disassemble the apparatus. To restart 
analysis, it requires about 2 hours including the time of 
reexhaust after completion of cleaning, So that the operabil 
ity as an analytical apparatus is extremely bad. Furthermore, 
when the vacuum pump starts exhausting from the atmo 
Spheric preSSure to a vacuum, it is applied with a great load, 
So that repetition of Stopping and reexhausting the exhaust 
System is a factor for shortening the life time of the vacuum 
pump. Furthermore, when the apparatus is disassembled and 
assembled again, the analytical conditions are changed by a 
shift in installation position of each part constituting the ion 
Source and a change in temperature of the heating part, and 
the reproducibility of the ion intensity observed by the mass 
Spectrometer is bad, and the accuracy of quantitative analy 
sis of a Substance to be analyzed gets worse. In the conven 
tional apparatus, it is necessary to end one analysis including 
adjustment of the ion source for 30 minutes during which 
ions are observed stably. However, a time of 30 minutes is 
not always sufficient for use of the separation ability of the 
LC at its maximum. For example, there is a method available 
for changing the composition of a mobile phase with time 
and eluting a Substance to be analyzed. However, if the 
composition is changed in a short time, no Sufficient Sepa 
ration may be obtained. The cause thereof is considered to 
be that if the composition of the mobile phase is changed too 
fast, the packing material in the Separation column and the 
mobile phase cannot be kept in the equilibrium State. 

0052 The apparatus of the present invention can be used 
continuously for about 10 hours even if a mobile phase 
containing a nonvolatile Salt which is conventionally diffi 
cult to use is used. if an operator cleans and adjusts the 
apparatus before Starting operation every morning, he can 
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obtain data during his operation in a day. Therefore, the 
apparatus of the present invention has advantages that the 
operability is remarkably improved compared with a con 
ventional apparatus, and the burden imposed on the vacuum 
pump is lightened, and the life time of the vacuum pump can 
be lengthened. The apparatus of the present invention is 
characterized in that Since it can repeat measurement under 
the same analytical condition, the accuracy of quantitative 
analysis is high and a Sufficient time can be put in Separation, 
so that analysis by the LC/MS fully utilizing the separation 
ability of the LC is possible. 
0053 Whether a problem that ions cannot be observed 
Stably due to clogging of the metallic tube or aperture arises 
or not depends on the kind of nonvolatile Substances and the 
total amount (namely, the concentration of nonvolatile Sub 
stances and the flow rate of the Solution) sent to the ion 
SOCC. 

0.054 For example, there is a capillary electrophoresis 
method (hereinafter abbreviated to CE) available as a sepa 
ration means different from the LC. This is a method for 
Separating a Sample by electrophoresis using a fused-Silica 
capillary of Several tens microns in inner diameter. A buffer 
Solution containing a nonvolatile Salt having a concentration 
of Several tens millimol/liter may be used as a separation 
medium of CE. A flow of a buffer Solution which is called 
an electro-osmosis flow is generated due to dissociation of 
the inner wall of the capillary, though the rate of electro 
oSmosis flow is generally low Such as 0.1 micro liter per 
minute or less. Therefore, in a so-called CE/MS using an MS 
as a CE detector, a problem of clogging of the aperture will 
not arise. 

0055 When the flow rate of a solution sent from the LC 
is high and it is difficult to continue electrospray Stably, as 
shown in FIG. 2, a splitter 16 may be installed so as to 
introduce a part of the solution into the metallic tube 3. Also 
as shown in FIG. 2, a spray gas 17 may flow from the 
outside of the metallic tube 3 So as to assist the electrospray. 
0056. When a narrow separation column with an inner 
diameter of from Several lens microns to Several hundreds 
microns which is called a capillary column is used in the LC, 
it may be difficult to continue the electrospray Stably because 
the flow rate of a solution sent from the LC is low. it may 
be also difficult to continue the electrospray Stably because 
the Viscosity or electric conductivity of the Solution is 
excessively high depending on the concentration of the 
solute. If this occurs, also shown in FIG. 2, it is possible to 
provide an area for flowing an auxiliary Spray Solution 18 
around the metallic tube 3 and mix it with a Solution sent 
from the LC in the neighborhood of the end of the metallic 
tube 3 So as to Set the flow rate, Viscosity, and electric 
conductivity to the conditions for continuing the electro 
Spray stably. 

0057. As shown in FIG. 3, the end of the metallic tube 3 
may be placed in the Volatilization portion 6. Also as shown 
in FIG. 3, a solution may be sprayed directly toward the 
metallic block 4b. A sample solution is subjected to first 
ionization, that is, electrospray at a high Voltage applied 
between the metallic tube 3 and the metallic block 4b by the 
high voltage source 8b. The metallic tube 3 and the metallic 
block 4b are insulated from each other by an insulating tube 
19. Droplets sprayed to the metallic block 4b which is heated 
to a temperature higher than the boiling point of the Solution 
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are vaporized instantaneously and gaseous Sample mol 
ecules are obtained. When Sample molecules reach the 
corona discharge portion, they are chemically reacted with 
primary ions Such as hydronium ions generated by corona 
discharge and ionization of Sample molecules is realized by 
Second ionization, that is, chemical ionization. Ions of 
Sample molecules are fetched by the high vacuum portion 12 
which is exhausted to about 10 Pa by the exhaust system 
10b via the differential pumping portion 11 which is 
exhausted to from several tens Pa to several hundreds Pa by 
the ion introduction aperture 9a and the exhaust system 10a 
and the mass thereof is analyzed by the mass spectrometric 
portion 13. 
0058 To increase the arrival efficiency of sample mol 
ecules to the ionization portion, as shown in FIG. 3, it is 
possible to provide an inclined wall inside the metallic block 
4b, electroStatically spray Sample molecules toward the 
inclined wall in the oblique direction, and flow a gas 20 Such 
as nitrogen gas toward the ionization portion. It is desirable 
to preheat the gas 20 at a temperature higher than the room 
temperature. 

0059 When large droplets are generated by electrospray 
in an apparatus having the constitution shown in FIG. 2, 
they cannot be vaporized perfectly in the vaporization 
portion 5 by the heated metallic block 4b and may reach the 
ionization portion 6 where a corona discharge is generated 
by the needle electrode 7 as they are. When droplets reach 
the portion where a corona is generated, there is a possibility 
that they short-circuit the needle electrode 7 and the ion 
introduction aperture 9a and the high voltage source 8a or 
others may be damaged. 
0060. To prevent it, as shown in FIG. 4, it is possible to 
arrange an electrode 21a So as to Shield the ionization 
portion 6 where a corona discharge is generated by the end 
of the metallic tube 3 and the needle electrode 7 and 
electroStatically spray droplets toward the electrode 21a. In 
this case, to increase the vaporization efficiency of droplets, 
it is desirable to heat the electrode 21a by a heater 22a 
beforehand. In an apparatus having the constitution shown 
in FIG. 4, gaseous molecules are transported and ionized in 
the ionization portion 6, So that a short-circuit due to 
droplets adhered to the needle electrode 7 can be avoided. In 
FIG. 4, the shape of the electrode 21a may be not only 
laminar but also meshed. To increase the arrival efficiency of 
Sample molecules to the ionization portion 6, it is possible 
to flow a gas 20 toward the ionization portion 6 as shown in 
FIG 3. 

0061. In the embodiments shown in FIGS. 2 to 4, a 
constitution in which a heated metallic block is used as a 
means for vaporizing droplets is shown. However, a method 
for irradiating infrared light may be used for vaporization of 
droplets. 
0062 FIG. 5 shows an embodiment using irradiation of 
infrared light as a vaporization means. A Sample Solution is 
electroStatically Sprayed at a Voltage applied between the 
metallic tube 3 and a mesh 23a. It is desirable that the mesh 
23a is heated beforehand. Droplets obtained by spray are 
sent to the vaporization portion 5. infrared light emitted from 
a heater 22b connected to a power Source 24 is irradiated to 
droplets in the vaporization portion 5 So as to vaporize them. 
0063. When the heater 22b is degraded because droplets 
collide directly with it, it is possible to install a glass tube 25 
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inside the heater 22b So as to protect it. To increase the 
Vaporization efficiency of droplets, it is desirable to remove 
water vapor in the Spray gas 17 beforehand. It is also 
desirable to heat the Spray gas 17 at the room temperature or 
higher beforehand. Gaseous Sample molecules obtained in 
the vaporization portion 5 are ionized in the ionization 
portion 6. 

0064. In an apparatus having the constitution shown in 
FIGS. 2 to 5, a sample solution containing nonvolatile 
compounds can be used in the LC/MS. However, when a 
Sample Solution containing nonvolatile compounds of an 
extremely high concentration is introduced into the ion 
Source or the analysis requires more hours, it is possible to 
change the Spray direction of the Sample Solution to a 
direction different from the arrangement direction of the ion 
introduction aperture. FIG. 6 shows an example in which a 
Sample Solution is sprayed perpendicularly to the center axis 
of the ion introduction aperture 9a. The sample solution 
introduced into the metallic tube 3 is sprayed toward an 
opposite electrode 21b. It is desirable that the electrode 21b 
is heated at a temperature higher than the boiling point of the 
Solution beforehand. 

0065. Nonvolatile compounds are salted out on the elec 
trode 21b. Volatile Sample molecules are vaporized and 
introduced into the ionization portion 6 via the heated 
metallic block 4b. To increase the arrival efficiency of 
Sample molecules to the ionization portion 6, it is possible 
to install a gas feed port 26 and flow a gas 20 Such as dry 
nitrogen gas toward the ionization portion 6. it is desirable 
to heat the gas 20 beforehand. it is possible that by installing 
an exhaust port 27 and exhausting gas outside from the 
exhaust port, a gas flow is generated toward the ionization 
portion 6 from the portion where the Solution is sprayed and 
Sample molecules are introduced efficiently into the ioniza 
tion portion 6. 

0.066. In FIG. 6, the electrospray method is described as 
a method for Spraying a Solution. However, to change the 
Spray direction of a Sample Solution to a direction different 
from the arrangement direction of the ion introduction 
aperture, it is possible to use a spray method other than 
electrospray, for example, heating Spray or ultraSonic spray. 
When a substance to be analyzed is volatile, it is heated, 
vaporized, and diffused on the electrode 21b and reaches the 
ionization portion 6. 
0067. In an apparatus having the constitution shown in 
FIG. 6, nonvolatile compounds salt out on the electrode 21b. 
Therefore, by removing and cleaning only this electrode 
21b, it can be maintained easily. 
0068 FIG. 7 is a drawing showing a constitution in 
which a Solution is sprayed toward a mesh 23b in place of 
the opposite electrode 21b shown in FIG. 6. It is desirable 
to heat the mesh 23b beforehand. A pan 28 can be installed 
behind the mesh 23b and maintained Simply by exchanging. 
Furthermore, a Solution collected in the pan 28 is Sampled 
and an analytical means other than the mass Spectrometry, 
for example, an analytical method using fluorescence or 
emission or an immunological analytical method may be 
executed for it. 

0069. The present invention is characterized in that non 
Volatile compounds in a Solution are ionized by the first 
ionization means and then removed by the electric field and 
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a substance to be analyzed which is not ionized by the first 
ionization means is ionized by the Second ionization means 
and analyzed. Therefore, if nonvolatile compounds can be 
ionized, the first ionization means may not be the electro 
spray method. FIG. 8 shows an embodiment in which the 
gas spray ionization method is used as a first ionization 
CS. 

0070 A sample solution is introduced into a capillary 61 
via the pipe 1 and the connector 2. The capillary 61 may be 
a metallic tube or an insulating tube. A spray gas introduc 
tion tube 62 is arranged around the capillary 61 and the Spray 
gas 17 flows in it. When the Spray gas 17 increases its Speed, 
the Solution is crushed to pieces and fine droplets are 
generated. In the droplets obtained by doing this, nonvolatile 
compounds which exist in the Solution as ions are fetched. 
When the Solvent is evaporated from the droplets, gaseous 
ions of the nonvolatile compounds are generated. The tra 
jectory of the gaseous ions is curved by the potential applied 
to the needle electrode 7 installed in the ionization portion 
6, So that the ions cannot reach the ion introduction aperture 
9a. As a result, the nonvolatile compounds do not Salt out in 
the neighborhood of the ion introduction aperture 9a and the 
ion introduction aperture 9a is not clogged up. A Substance 
to be analyzed which is electrically neutral reaches the 
ionization portion 6 by diffusion in the same way as with the 
embodiment shown in FIG. 2 and is ionized and analyzed. 
To promote vaporization of droplets, the vaporization por 
tion 5 comprising the heated metallic block 4b may be 
installed. Droplets are vaporized by heat while they are 
passing through the aperture of the metallic block 4b. To 
increase the efficiency for removing ions of nonvolatile 
compounds, it is possible to generate an electric field 
between the Spray gas introduction tube 62 and the metallic 
block 4b by the high voltage source 8c. Ions of nonvolatile 
compounds are drifted by the electric field in the direction of 
the metallic block 4b or the spray gas introduction tube 62 
according to the ion polarity and captured by the metallic 
block 4b or the spray gas introduction tube 62. 
0071. As shown by the above description, according to 
the present invention, even if a Solution containing nonvola 
tile compounds of high concentration is introduced into the 
ion Source, the capillary for Spraying the Solution and the 
aperture for fetching ions generated under the atmospheric 
preSSure into a vacuum can be prevented from clogging up. 
AS a result, a Substance to be analyzed in the Solution can be 
ionized Stably for many hours and the ions can be introduced 
and analyzed in the Spectrometric portion arranged in a 
Vacuum. Therefore, a Sample obtained from a living matter 
or environment can be analyzed without a complicated 
pretreatment being executed. Furthermore, a mobile phase 
containing a nonvolatile Salt which cannot be used for many 
hours in a conventional LC/MS can be used, So that analysis 
b), the LC/MS fully utilizing the separation ability of the LC 
is possible. 
0072 Main symbols used in the drawings mentioned 
above are shown below in a batch. 1: Pipe, 2: Connector, 3: 
Metallic tube, 4a, 4b. Metallic blocks, 5: Vaporization 
portion, G: Ionization portion, 7: Needle electrode, 8a, 8b, 
Bc: High voltage sources, 9a, 9b. Ion introduction apertures: 
10a, 10b. Exhaust systems, 11: Differential pumping por 
tion, 12: High vacuum portion, 13: Mass spectrometric 
portion, 14: Liquid chromatograph, 15: Electrospray por 
tion, 16: Splitter, 17: Spray gas, 18: Auxiliary spray solution, 
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19: Insulating tube, 20: Gas, 21a, 21b, 21c. Electrodes, 22a, 
22b. Heaters, 23a, 23b. Meshes, 24: Power source, 25: 
Glass tube, 26: Gas feed port, 27: Exhaust port, 28: Pan, 30: 
Power source, 31: Deflection electrode, 32: Capture plate, 
40: Spray gas outlet, 41: Shielding plate, 50: Mobile phase 
reservoir, 51: Pump, 52: Sample introduction portion, 53: 
Separation column, 60: Gas Spray ion generation port, 6.1: 
Capillary, 62: Spray gas introduction tube. 
What is claimed is: 

1. A mass spectrometer comprising a sprayer for Spraying 
a Sample Solution, a needle electrode for ionizing the Sample 
contained in Said Sample Solution, an aperture for introduc 
ing the ions of Said Sample into a lower preSSure region 
having a pressure lower than a pressure of a region in which 
Said needle electrode is disposed, and a mass spectrometric 
apparatus for analyzing the ions introduced from Said aper 
ture, wherein a direction of a spray caused by Said sprayer 
is one of Substantially perpendicular to and at an angle with 
respect to a center axis of Said aperture, and a tip of Said 
needle electrode is disposed facing an electrode having Said 
aperture therein. 

2. A mass spectrometer comprising a Sprayer for Spraying 
a Sample Solution by heating, a needle electrode for ionizing 
the sample contained in Said Sample Solution, an aperture for 
introducing the ions of Said Sample into a lower pressure 
region having a preSSure lower than a preSSure of a region in 
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which Said needle electrode is disposed, and a mass spec 
trometric apparatus for analyzing the ions introduced from 
Said aperture, wherein a direction of a spray caused by Said 
Sprayer is at an angle with respect to a center axis of Said 
aperture, the direction of Said spray is directed toward a wall 
Surface, and a tip of Said needle electrode is disposed facing 
an electrode having Said aperture therein. 

3. A mass spectrometer according to claim 2, wherein a 
Vaporizer is disposed between Said sprayer and Said needle 
electrode. 

4. A mass spectrometer according to claim 2, wherein Said 
Vaporizer includes means for heating and a metallic block. 

5. A mass spectrometer comprising a Sprayer for Spraying 
a Sample Solution by heating, a needle electrode for ionizing 
the Sample contained in Said Sample Solution, an aperture for 
introducing the ions of Said Sample into a lower preSSure 
region having a pressure lower than a pressure of a region in 
which Said needle electrode is disposed, and a mass spec 
trometric apparatus for analyzing the ions introduced from 
Said aperture, wherein a direction of a jet Stream caused by 
Said sprayer is at an angle with respect to a center axis of Said 
aperture, and a tip of Said needle electrode is disposed facing 
an electrode having Said aperture therein. 


