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基本原理
基本条件：
稳定磁场B0

自旋量子数(I) 示例

半整数（1/2，3/2…) 1H, 13C, 15N
整数（1，2，…) 2D, 14N

检测对象：自旋量子数I不为0
γ：旋磁比，与不同原子核的性质相关；

υ: 进动频率；B0：磁场强度；

 Spin，Precession and Larmor 
frequency
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检测内容：
原子核进动频率
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化学位移及分辨率
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核磁共振信号产生

Bulk Magnetization

1D experiments: pulses
detection

recycle delay

Chemical shift

Signal intensity
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核磁共振仪器及注意事项
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抗振
系统

室温进样孔

超导
线圈

液氦

液氮

 使用心脏起搏器和体内有金属植入
者禁止进入核磁共振实验室。

 严禁携带以下物品进入核磁共振仪
器实验室：铁磁性物质（铁制工具，
钥匙等），电子设备（手机，手表
等），电子卡片（银行卡等），除
核磁样品以外的化学品，食品和饮
料。

 磁体处于悬浮状态，上样时禁止触
碰磁体

磁体
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2K磁体
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NMR Hardware - The RF Probe, cont.
The probe coil is used to excite and detect the NMR signal and is held in the top of this 
assembly in such a way that the sample can come down from the top of the magnet and 
drop into the coil. To optimize sensitivity this coil needs to be as close as possible to the 
sample (“maximizes filling factor”). Extraordinary effort has been put into the optimization 
of the design of this coil.

 使用完好无损的核磁管
 无自动上样器的仪器，上样前需确认Lift气流
 上样前要将核磁管擦拭干净，特别是刚从低

温取出的样品
 使用合适的脉冲功率

探头
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控制器
AQS

IPSO

BSMS

Power amplifier
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信号通路
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实验操作流程

Field preparation（lock, atmm, topshim）

Pulse calibration

Experiment-related parameter

Sample preparation
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样品准备
• 样品的制备

 非标记样品；15N 标记样品；15N 和13C标记样品；其他特殊标

记样品；

 样品浓度：~mM量级; 

 溶剂的体积为450-550 l；

 选择合适的缓冲体系，pH<7.5；DSS；D2O；

 核磁管一般为5mm内径的核磁管；

• 进样与出样

 Bruker 自动进样系统

 Lift命令进样
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磁场准备

NMR Hardware – The Shims, cont.
Maximize lock signal (2H signal will “sharpen” and induce a larger voltage in lock 
circuit) by changing shim values (changes current in shim coils) in a specific fashion – for 
example: spin adjust z1, z2, z3, nospin, adjust x, y, xy, repeat process. This process can be 
done manually (on BSMS keypad of Bruker) or automatically (“compushim”).

For the more experienced user, a misadjusted on-axis shim can mostly be recognized from the 
signal lineshape. Misadjusted shims with even exponentials (z2,z4,z6) give asymmetric signals, those 
with odd exponentials (z1,z3,z5) show up as a symmetrical broadening. This is due to the symmetry 
of the function needed to correct of it. 

lock
atmm

topshim
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1H的刻度

Chemical shift

Signal intensity

利用360°信号最弱的原理来刻度90°脉冲长度：p1和plw1
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1H的刻度实验
;zg
;avance-version (12/01/11)
;1D sequence
;
;$CLASS=HighRes
;$DIM=1D
;$TYPE=
;$SUBTYPE=
;$COMMENT=

#include <Avance.incl>

"acqt0=-p1*2/3.1416"

;pl1 : f1 channel - power level for pulse (default)
;p1 : f1 channel -  high power pulse
;d1 : relaxation delay; 1-5 * T1
;ns: 1 * n, total number of scans: NS * TD0

;$Id: zg,v 1.10.8.1 2012/01/31 17:56:41 ber 
Exp $

1 ze
2 30m
  d1
  p1 ph1
  go=2 ph31
  30m mc #0 to 2 F0(zd)
exit

ph1=0 2 2 0 1 3 3 1
ph31=0 2 2 0 1 3 3 1

recycle delay
pulses

detection
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1H的刻度实验具体参数
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上机练习核磁实验基本流程和
1H脉冲刻度
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水峰压制的1H谱
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水峰压制的意义
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不同脉冲及激发范围差异

脉冲功率和时间的不同导致其激
发的化学位移范围不同
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edprosol
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presat压水（zgpr）
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预饱和压水时间

预饱和压水功率
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脉冲梯度场
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Precession

消除不需要的信号
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watergate压水（zggpwg）
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水的选择性激发

压水梯度场

watergate
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组合脉冲压水watergate w5 pulse
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watergate W5

组合脉冲时
间间隔

压水梯度场

组合脉冲脉
宽和功率
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上机练习压水1H谱
zggpw5和zgpr
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2D谱......
• J coupling
• T1 and T2
• INEPT
• NHSQC
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上机练习1H-15N HSQC
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3D三共振实验
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脉冲构成基本模块

• Hard pulse
• Shape pulse
• Composed pulse
• Gradient
• Delay and coupling
• Phase cycle
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1D-2D-3D实验
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1D experiments:

2D experiments:

pulses
detection t1

recycle delay

pulses
Detection t2

pulsesrecycle delay evolution t1

d1 d0

d1 d0+Δ1 

d1 d0+2Δ1 

d1 d0+3Δ1 

…
…

d1 d0+nΔ1 

Multidimention: Cycles=n1*n2*…..

1D: ~min;
2D: ~hours;
3D: ~days

pulses pulsesrecycle delay evolution t1 pulsesevolution t2

Detection t3

3D experiments:
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1、磁矩传递
2、化学位移标记
3、化学位移标记时去耦
4、去除水和其他不需要的信号
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J-coupling：



General Parameter



1H Parameter：
45us ~ plw9
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13C Parameter



15N and Gradient 
Parameter



Experiment 
Parameter



上机练习HNCA




