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0.1%的精密度是如何实现的— 

实时内标法的原理和应用 



Avio 500的关键特点 

 专利的平板等离子体技术 

 符合RoHS要求！ 

 垂直炬管 双向观测  

 高性能的光学系统 

 4通道12滚柱
蠕动泵  

 专利的等离子体切割 

     PlasmaShear 

• SCD检测器 

• Truly simultaneous  

 全彩色等离子体摄像头 

     PlasmaCam 

 干扰校正：MSF和IEC 

 Syngistix软件：
data viewer 

 全谱全读UDA 



Avio 500的关键特点 

•多快好省准 
 

• 多快？ 

• 多省？ 

• 多准？ 

 



多快好省准 
 



多快好省准 



多快好省准 



 



 







Oh! 

Why? 



Segmented-array Charge-coupled Device Detector (SCD) 
 

500:1 
12 



Segmented-array Charge-coupled Device Detector (SCD) 
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PinAAcle 900为什么有实时双光束，而其它公司的产品没有？ 

氘灯 

可移动光源反光镜 

样品仓 

8灯位 
光纤耦合器 

入射狭缝 

出射狭缝/固态检测器 

单色器 

凹面镜 

1800线大面积光栅 

EDL  

HCL  

 N
   S

 

+ 

- 

加样 

 原子化 



稳定性更好 —完全克服了因灯发射强度改变而引起
仪器的零点漂移。 
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提高仪器的测定精度和准确度 
      在仪器每一个读数周期内（如10毫秒），交替检测仅用半个周期测定样品

（5毫秒），而同时检测用整个周期测定样品（10毫秒）。同时检测延长了样

品光束和参比光束的测量时间，提高了仪器的测定精度和准确度。 

一般的AAS厂家： 

只有一个PMT， 

交替双光束 

无法校正瞬间电压波动 

1、测样品总吸收    2、测样品总吸收的参比     3、测背景干扰吸收   4、测背景干扰的参
比          

PerkinElmer： 

9区域CCD， 

实时双光束 

实时校正瞬间电压波动 

1、样品总吸收和参比同时测量                            2、背景干扰吸收和参比同时测量          

测量周期，单位：毫秒 16 



测量周期，单位：毫秒 

使用氘灯时的情形 

1、元素灯开，氘灯灭，                                          3、元素灯灭，氘灯开，测量背景吸收 

  测量总吸收与参比吸收的比值                                 测量背景吸收与参比吸收的比值 

         两个比值之间再进行差减，求得净吸收 

使用塞曼时的情形 

1、元素灯开，磁场关，                                          3、元素灯开，磁场开，相当于待测元素消失 

      测量总吸收与参比吸收的比值                                  测量背景吸收与参比吸收的比值 

之间再进行差减，求得净吸收 
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0 5 10 15 20

信号 = 漂移 + 噪声 

◦噪声是短期的 

◦漂移是长期的 
noise 

drift 
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Drift Correction 

• separate variables to estimate drift as f(t) 

◦ use grand mean for sample to estimate Struth 

- create time series of deviations from mean 

▪ use ALL standards and samples 

▪ this is our estimate of (drift + noise)! 

▪ use relative deviations for multiplicative drift, absolute deviations for 

additive drift 

◦ fit smooth function to these deviations 

- this is our estimate of drift! 

noisedrifttruthmeasured SS  
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内标：交替双光束，从10%    1% 

• precision enhancement 

◦ matched internal standard 
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Data after correction for dilution 

Drift Corrected Results 
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Results: Stability 

Variations of 5% over 10 hours 

• Monitor internal standards to check for instrument drift 

◦ Sc in radial mode, Y in axial mode 



Stability During Analysis 
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Experiment design for traditional drift correction

Experiment design for efficient drift correction
Standard
Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Efficient Drift Correction 

• What does an experiment look like? 

◦ 5 samples, 5 replicate measurements 
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如何从1%    0.1% ？ 
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Avio 500 Performance: Unsurpassed stability 

Meinhard Type K1 and standard baffled cyclonic spray chamber 

Precision over 9 hours of continuous analysis  

9-hour stability run results in <1% RSD 



噪音来自蠕动泵、雾化气、电压波动、温度波动。。。 

Make a simple Argon diagnostic method and monitor the RSD. 

Run a 2v/v% nitric acid solution with four different conditions: 

1. Pump on and nebulizer on 

2. Pump on and nebulizer off 

3. Pump off and nebulizer on 

4. Pump off and nebulizer off 

Biggest contribution is the PERISTALTIC PUMP!! 
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Step 1. Method 

• Add at least 3 wavelengths for each analyte (if possible) 

• Same for the internal standard(s) 
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Step 1a. Method 

• Resolution: Normal 

• Integration Time: Auto Min 5 – Max 5 

• Replicates 5 
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Step 1b. Method 

• Calibration with 1 standard (highest, why?*), because we are only 

interested in the timing parameters 

• Use Auto Integration Report 

*Answer: If you use the 

lowest standard, then the 

highest standard can 

become saturated if the 

final reading times are 

manual inserted in the 

reading parameters (step 

4b). 
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Step 2. Analysis 

• Run the blank and standard and open the timing 

parameters from the Results page 
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Step 3. Evaluation 

• Try to find the same Integration Times for all analytes and find a similar or 

corresponding Internal Standard for each analyte. 

• Note: You can always change the concentration of the Internal Standard! 
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Step 4a. Method, Assign Internal Standards 

• Assign for each analyte the internal standard as 

obtained in Step 3. 
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Step 4b. Method, Read Parameters 

• Change the Read Parameters to Manual and fill in exactly 

the same timing parameters as obtained IN STEP 3. 
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Step 4c. Method bracketing 

• Prepare Standards in the expected working range  

• Use Lin, Bracketing 
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Linear Bracketing 

Full Compliance with ISO11494, 11495, etc. 
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Step 5. Analysis, Run all…….That´s all 

内标 

分析物 
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标准溶液 

• NIST produces and certifies 70 Spectrometric 

Solution SRMs 

◦ 1000’s sold annually for  

calibration of ICP, AAS 

◦ typically 10 mg/g 

◦~0.3% uncertainty 

• transfer standards used 

for calibration 
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High Performance ICP-OES, NIST 
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Sb comparison 

• first experiment 

◦ using “conventional” 

drift correction 
- standard, sample, 

standard, sample, 

standard, sample…  

◦ obvious narrowing of 

distribution 

◦ 0.05% standard error 

of “unknown” 
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Experiment Design 

• captures variability from… 

◦ standard materials and 

preparation 

◦ solution homogeneity 

◦ solution-to-solution prep 

• robust 

◦ at least 3x sampling 

◦ duplicate preparation 

◦ independent chemists 

- calibrants, SRM, analysis 

10 
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Results  

± Uncertainty 

41 



Future of Spectroscopy Solution SRMs 

NIST 

NIST 
secondary 
standards 
producers 

• Goals 

◦ ensure accurate solutions 

available 
- through traceability, not 

through production! 

◦ NIST focus 
- enable traceability 

- accuracy of solutions 

▪ 1º materials 

- stability of materials 

▪ gravimetric aliquots 

 

 

Today... 

Tomorrow... 
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US — Swiss Zn residuals 

measured at EMPA, June 1999 

standard deviation of the mean = 0.08% 
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“Real” Samples? 

• HP-ICP-OES is 1º for 

simple, dilute 

solutions… 

◦ is it 1º for “real” 

samples? 

• MP35N high 

temperature alloy 

◦ 30% Ni, 30% Co, 20% 

Cr, 10% Mo 

标准物质 
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HP-ICP-OES Results Compared 
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贵金属 
• The Customer Request 

◦ Demonstrate that the Optima is capable of analyzing high accurate 

and precise determinations of PMGs 

• The Elements 

◦ Au, Pt, Pd, Rh, Ir, Ag, Ru 

◦ e.g. ISO 11494 & 11495 

• The Problem 

◦ Analytical Precision Relatively Poor : 0.20 - 0.40% 

• Problem can be partly overcome by using High 

Performance ICP-OES, as proposed by NIST, but this 

method is time-consuming. 

See also: 
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A closer look at e.g. ISO 11494 and 11495 

Method is derived from NIST. High Performance Inductively 

Coupled Plasma Optical Emission Spectroscopy 
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磷肥 

48 
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Avio 500的关键特点 

•多快好省准 
 

• 多快？ 

• 多省？ 

• 多准？ 

 



差异化在哪里？ 

• LC, Liquid Chromatography 

• HPLC,  High Performance Liquid Chromatography 

 

• ICP, Inductively Coupled Plasma Optical Emission Spectrometry 

• HPICP, High Performance Inductively Coupled Plasma  

 

• 不是我们自己吹的，而是NIST命名的！ 

• 特征：测量不确定度 ≤ 0.1%，HPICP比ICP好10倍！ 

• 价格：HPICP仅仅是ICP的两倍！ 




