
在化学领域，为了准确了解进行中的反应类型，监测化学
反应的过程和速率非常重要。

探针电喷雾电离（PESI）是一种直接电离技术，该技术以
恒定频率采集样品，并向探针尖端施加高电压，利用探针电离
采集到的目标成分。这种电离技术无需色谱仪即可快速监测样
品变化。DPiMS-2020（图 1）结合 PESI 和质谱仪，对要分析
的成分实时监测分子量信息的变化，以此准确了解化学反应的
进程。

本文介绍了 DPiMS-2020实时分析肽保护基的去保护反应
的结果，其中肽保护基在样品板上生成。

T. Murata

直接探针电离质谱仪

化学反应的实时监测
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图 1  DPiMS-2020

图 2 Fmoc-Tyr(tBu)-OH的去保护反应
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In the field of chemistry, monitoring the reaction 
process and rate of chemical reactions is very 
important in order to accurately understand the type of 
reaction that is occurring. 
Probe electrospray ionization (PESI) is a direct 
ionization technique that uses a probe to ionize 
sampled target components by sampling a sample at a 
constant frequency with high voltage applied to the 
probe tip. This technique enables rapid monitoring of 
sample changes without the need for a chromatograph. 
The DPiMS-2020 (Fig. 1), which combines PESI with a 
mass spectrometer, enables accurate understanding of 
the progression of chemical reactions through real-
time monitoring of changes in the molecular weight 
information of components targeted for analysis. 
This article introduces the result of using the DPiMS-
2020 to perform real-time analysis of the deprotection 
reaction of a peptide protecting group that was 
produced on a sample plate. 

T. Murata 
 

 Peptide Deprotection Reaction 
When a solution of 23.0 mg of Fmoc-Tyr(tBu)-OH(N-(9-
Fluorenylmethoxycarbonyl)-O-tert-butyl-L-tyrosine) 
dissolved in 5 mL of DMF (solution ①) is mixed 
together with a solution of piperidine and DMF mixed 
at a 1:4 ratio (solution ②), a deprotection reaction of 
the Fmoc group will occur at room temperature (Fig. 2). 
4.5 μL of both solution ① and solution ② were injected 
onto a small (10 μL) sample plate used in PESI solution 
analysis to induce a deprotection reaction and the 
reaction process was analyzed in real time. 
Table 1 lists the drive conditions of the PESI probe and 
Table 2 lists the analysis conditions of the mass 
spectrometer. 

 
DPiMS-2020 

 
Deprotection Reaction of Fmoc-Tyr(tBu)-OH 

 
Table 1  PESI Drive Conditions 

 Ionization position : −37 mm 
 Ionization stop time : 100 msec 
 Sampling position : −46 mm 
 Sampling stop time : 50 msec 
 Probe speed : 250 mm/s 
 Probe acceleration : 0.63 G 

Table 2  Mass Spectrometer Analysis Conditions 
DL temperature : 250 °C 
Heater block temperature : 50 °C 
Interface voltage : −2.45 kV (ESI – Negative mode)
Scan speed : 5,000 u/sec 

Probe 

Ion introduction unit (DL)

Small sample plate 

MW459 
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■肽去保护反应
将 23.0 mg Fmoc-Tyr(tBu)-OH(N-(9-芴甲氧羰基 )-O-叔丁

基 -L-酪氨酸 )溶于 5 mL DMF（溶液①），将哌啶和 DMF的
溶液以 1:4的比例混合（溶液②）。当溶液①与溶液②混合时，
将在室温下发生 Fmoc基团的去保护反应（图 2）。将 4.5 μL

的溶液①和溶液②注射到 PESI溶液分析所用的小（10 μL）样
品板中以诱导发生去保护反应，并实时分析反应过程。

表 1列出了 PESI探针的驱动条件，表 2列出了质谱仪的分
析条件。
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探针

离子导入单元（DL）

小样品板
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表 1 PESI驱动条件
电离位置 ：－ 37 mm

电离停止时间 ：100 msec

采样位置 ：－ 46 mm

采样停止时间 ：50 msec

探针速度 ：250 mm/s

探针加速度 ：0.63 G

表 2 质谱仪分析条件
DL温度 ：250 ° C

加热模块温度 ：50 ° C

离子源接口电压 ：－ 2.45 kV（ESI – 负模式）
扫描速度 ：5,000 u/sec
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■反应过程的实时监测
利用扫描获得的质谱图监测 Fmoc-Tyr(tBu)-OH负离子强度的

衰减，能够以 0.1分钟的间隔实时监测去保护反应。图 3显示在
溶液混合后，Fmoc-Tyr(tBu)-OH的负离子强度从 3分钟标记降低
到 4.5分钟标记。

■因挥发所致采样体积减少的影响
尽管我们的目的在于通过在样品板上混合两种类型的溶液来

监测反应，但是由于样品板直接放在 DL下方，并设置为高温，因
此溶液混合的体积可能会在分析过程中因挥发而减少。这可能导
致探针所采集溶液的体积减少，并使离子强度降低。为了消除这
种影响，并只监测去保护反应进展所导致的离子强度降低情况，
通过将m/z 474处的离子设为内标峰，并绘制m/z 458和m/z 474

强度比与溶液混合后时间的图（图 4）来确定溶液混合后反应进
展的速度。因此，我们可以实时监测去保护反应的进度。
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 Real-Time Monitoring of the Reaction Process 
By monitoring the attenuation in negative ion intensity of 
Fmoc-Tyr(tBu)-OH from the mass spectrum obtained 
through scanning, it was possible to monitor the 
deprotection reaction in real time at 0.1-minute intervals. 
Fig. 3 shows decreasing of the negative ion intensity of 
Fmoc-Tyr(tBu)-OH from the 3-minute mark to the 
4.5-minute mark following solution mixture. 

 Influence of Sampling Volume Reduction Due 
to Volatilization 

Although our intent is to monitor the reaction that occurs 
by mixing the two solution types on the sample plate, there 
is a possibility that the volume of the solution mixture 
decreases over the course of analysis due to volatilization 
since the sample plate is placed directly below the DL, 
which is set to a high temperature. This may cause a 
reduction in the volume of solution sampled by the probe 
and decreasing of the ion intensity. In order to negate this 
effect and only monitor the decreasing of ion intensity 
caused by the progression of the deprotection reaction, the 
speed at which the reaction progresses following solution 
mixture was determined by setting ions at m/z 474 as the 
internal standard peak and plotting the m/z 458 to m/z 474 
intensity ratio against time after solution mixture (Fig. 4). As 
a result, we were able to monitor the progression of the 
deprotection reaction in real time. 

 
Time Series Mass Spectra of Deprotection Reaction 

 

 
Time Series Variation of Deprotection Reaction 
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图 3 去保护反应的时间系列质谱

图 4 去保护反应的时间序列变化

 
 

 

Application 
News 

No. C159 

First Edition: Jul. 2017

 
 
 

For Research Use Only. Not for use in diagnostic procedure. 

This publication may contain references to products that are not available in your country. Please contact us to check the availability of these 
products in your country. 
 
The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.  
Company names, product/service names and logos used in this publication are trademarks and trade names of Shimadzu Corporation or its  
affiliates, whether or not they are used with trademark symbol “TM” or “ ”. Third-party trademarks and trade names may be used in this  
publication to refer to either the entities or their products/services. Shimadzu disclaims any proprietary interest in trademarks and trade names  
other than its own. 
 
The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its  
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the  
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject  
to change without notice. 

© Shimadzu Corporation, 2017

www.shimadzu.com/an/ 

 Real-Time Monitoring of the Reaction Process 
By monitoring the attenuation in negative ion intensity of 
Fmoc-Tyr(tBu)-OH from the mass spectrum obtained 
through scanning, it was possible to monitor the 
deprotection reaction in real time at 0.1-minute intervals. 
Fig. 3 shows decreasing of the negative ion intensity of 
Fmoc-Tyr(tBu)-OH from the 3-minute mark to the 
4.5-minute mark following solution mixture. 

 Influence of Sampling Volume Reduction Due 
to Volatilization 

Although our intent is to monitor the reaction that occurs 
by mixing the two solution types on the sample plate, there 
is a possibility that the volume of the solution mixture 
decreases over the course of analysis due to volatilization 
since the sample plate is placed directly below the DL, 
which is set to a high temperature. This may cause a 
reduction in the volume of solution sampled by the probe 
and decreasing of the ion intensity. In order to negate this 
effect and only monitor the decreasing of ion intensity 
caused by the progression of the deprotection reaction, the 
speed at which the reaction progresses following solution 
mixture was determined by setting ions at m/z 474 as the 
internal standard peak and plotting the m/z 458 to m/z 474 
intensity ratio against time after solution mixture (Fig. 4). As 
a result, we were able to monitor the progression of the 
deprotection reaction in real time. 

 
Time Series Mass Spectra of Deprotection Reaction 

 

 
Time Series Variation of Deprotection Reaction 

 

Acknowledgments 
We would like to thank associate professor Kei Zaitsu and assistant professor Yumi Hayashi at the Nagoya University Graduate School of Medicine 
for their guidance regarding data acquisition and sample preparation. 

强度

溶液混合后 3.0分钟

溶液混合后 3.5分钟

溶液混合后 4.0分钟

溶液混合后 4.5分钟

 
 

 

Application 
News 

No. C159 

First Edition: Jul. 2017

 
 
 

For Research Use Only. Not for use in diagnostic procedure. 

This publication may contain references to products that are not available in your country. Please contact us to check the availability of these 
products in your country. 
 
The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.  
Company names, product/service names and logos used in this publication are trademarks and trade names of Shimadzu Corporation or its  
affiliates, whether or not they are used with trademark symbol “TM” or “ ”. Third-party trademarks and trade names may be used in this  
publication to refer to either the entities or their products/services. Shimadzu disclaims any proprietary interest in trademarks and trade names  
other than its own. 
 
The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its  
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the  
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject  
to change without notice. 

© Shimadzu Corporation, 2017

www.shimadzu.com/an/ 

 Real-Time Monitoring of the Reaction Process 
By monitoring the attenuation in negative ion intensity of 
Fmoc-Tyr(tBu)-OH from the mass spectrum obtained 
through scanning, it was possible to monitor the 
deprotection reaction in real time at 0.1-minute intervals. 
Fig. 3 shows decreasing of the negative ion intensity of 
Fmoc-Tyr(tBu)-OH from the 3-minute mark to the 
4.5-minute mark following solution mixture. 

 Influence of Sampling Volume Reduction Due 
to Volatilization 

Although our intent is to monitor the reaction that occurs 
by mixing the two solution types on the sample plate, there 
is a possibility that the volume of the solution mixture 
decreases over the course of analysis due to volatilization 
since the sample plate is placed directly below the DL, 
which is set to a high temperature. This may cause a 
reduction in the volume of solution sampled by the probe 
and decreasing of the ion intensity. In order to negate this 
effect and only monitor the decreasing of ion intensity 
caused by the progression of the deprotection reaction, the 
speed at which the reaction progresses following solution 
mixture was determined by setting ions at m/z 474 as the 
internal standard peak and plotting the m/z 458 to m/z 474 
intensity ratio against time after solution mixture (Fig. 4). As 
a result, we were able to monitor the progression of the 
deprotection reaction in real time. 

 
Time Series Mass Spectra of Deprotection Reaction 

 

 
Time Series Variation of Deprotection Reaction 

 

Acknowledgments 
We would like to thank associate professor Kei Zaitsu and assistant professor Yumi Hayashi at the Nagoya University Graduate School of Medicine 
for their guidance regarding data acquisition and sample preparation. 

去保护反应过程
（溶液混合后 3到 5分钟，0.1分钟的间隔）

溶液混合后过去的时间 [分钟 ]

[m
/z

 4
5

8
.2
强
度

]/
[m

/z
 4

7
4

.3
强
度

]


